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PREFACE 



The sketch here given of the evolution of knowU 
edge and the doctrine of the evolution of life is the 
effort to place in a coonected historical relation the 
questions discussed and partly answered in tay home. 
To those who are versed in the several sciences touched 
upon the treatment thereof may seem to be too super- 
ficial, dealing mainly with the beginnings of principles 
and teachings that even a child might know. But it is 
the b^innings of things that are often least well 
-known. The questions that a child might ask the 
wisest man can scarcely answer. On the other hand^ 
the problems of the Ether and of Gravitation are yet 
unsolved, and by many men are thought to be in. 
solvable. 

The views taken of man's place in nature and hia 

relation to the Higher Power are those, I believe, that 

are held by most scientific men ; but since no two 
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PREFACE 

men think exactly alike a genepal concordance in 
thought is all that can be looked for. 

The "Path of Evolution" was written nearly five 
years ago. Domestic sorrows and personal illneBs 
caused it to be laid aside for several years, A few 
pages descriptive of late discoveries have since been 
added. 

H. P. 

1941 Locatt street. I^iladetphia. 
November, 1902. 
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INTRODUCTION. 



The desire to obtain a better kaowledge of the 
onknown is iuborn in the human mind. ' The veriest 
say^e, igoonuit of the causes of all phenomena, yet 
ascribes an animating spirit to the force tliat the 
waves exert, to the wind he feels, or to tlie swaying 
branches of the trees he sees around him. To liken 
the cause of their movemente to that vitality which he 
is dimly conscious of in himself is for him a sufficient 
explanation. In the olden days of Greece the minds 
of men peopled the woods, streams and ocean with 
beings more or less like themselves, but more spiritual 
in their nature. Tlie Dryads, Nymphs or Demi- 
gods dwelt tlierein, ruled the elementary forces, and 
thus satisfactorily accounted for the phenomena of 
nature. As men grew wiser they recognized that 
these beings we're only the objective creations of their 
own thoughts ; tJiey had given to "Airy nothings a 
local habitation and a name," yet they despised the 
search into the phenomena of Nature, since they 
(xi) 
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believed Matter was in itself ignoble, and the etudy 
thereof d^rading. Tbey had an exaggerated con- 
oeptioD of the power of the miod and of its capacity. 
Most men believed that the ^xa» of things existed 
before their realities, were of a purer, and there- 
fore of a nobler nature, and that the mind of man 
offered the only field for study, ' Ignorant of all 
relative knowledge, they yet hoped to discover the 
secret of existence; to know tbe abboltite — the 
UHOONDiTiONED — by introspection, and by con- 
verting their subjective thought into objective 
theories to obtain true knowledge. Metaphysicians 
still so try, will continue so to do, but will try in 
vain. So long as men employ deductive reasoning 
only, from a-priori convictions, no evolution of real 
knowledge is possible. 

With the method of inductive reasoning came 
gradually the accumulations of observed facts, and 
the discovery that these facts were not the accidental 
result of irregular causes, but were the consequence 
of definite, uniform actions or conditions. Men 
found that these actions or conditions ind^nitely re- 
peated would always produce the same result. To 
them were applied the term "Laws of Nature." 
Usually these laws do not explain the cause of a 
iact or occurrence, but only assert its invariability. 
The explanation of a phenomenon generally consists 
(xii) 
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in showing the existence and its connection therewith 
of earlier pbenomeDa, or the exertion of earlier forces 
of wider generalization than the one observed, thus 
linking the phenomena leather into systems of 
greater or lesser similarity. Often this systematic 
groupiDg is accepted as an explanation; as such it 
is valuable, and is sufficient for practical purposes ; 
what is called the " Study of the Sciences " usually 
goes no further. If an esplamition is sought for 
still further and further back, it is ultimately fouud 
that alternatives are presented, each of which is be- 
yond our apprehension, or that we cannot form even 
in idea an explanation thereof. We have approached 
the question of a First Cause. It lies beyond the 
limit of our faculties. 

In order rightly to understand the philosophy that 
modem science teaches, and the difference between it 
and the metaphysics and philosophy of olden times, 
a short sketch of the decline of learning in tlie Dark 
Ages and its subsequent rise into the Schohisticism 
of the Middle Ages is necessary. The conservation 
of the literature of antiquity' by the Arabs and the 
Hebrews, until the Clergy in Europe were capable of 
utilizing it, is included therein. 

The gross ignorance of the laity and clergy 

throughout Europe in the 7th, 8th and 9th Centuries 

was long-continued. Charlem^ne in the end of the 

(xiii) 
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tNTRODUCTlOtt 

8th Centuiy ordered the op^iiog of echools, but more 
thao two ceaturiea again passed away before learning 
bad made much progress. A rapid survey is there- 
fore made of the first sti^ therein — the Philosophy 
of SchidasUaxm, apart from its merely dialectic teach- 
ing, but embracing Uie conflicting views of Plato and 
Aristotle, the ideal existence of Form and Matter, and 
tlie foundation upon wbicb rest the divei^ doctrines 
of the Realists and Nominalists. ' 

The emptiness of scholastic learning caused 
Roger Bacon to revolt against such teaching. 
He was wise beyond his time, and suffered, as such 
men oilea suffen a wasted life and long Imprisonment 
as a reward for bis premature wisdom. 

The philosophy and learning of the "Schoolmen" 
produced no useful results. All persons then believed 
in"a-priori" reasoning only, and looked with eon- 
tempt upon the investigation of Nature and upon 
empirical research. The belief in Alchemy and in 
Astrolt^ was widespread and general. Alchemy 
was pursued chiefly in the search for the " Philoso- 
pher's Stone," or powelr of transmuting other metals 
into gold. Astrolt^y was sought for to render its 
ma^c aid. Yet these false sciences, by causing men 
to experiment, to watch phenomena and observe the 
heavens, taught mankind far more than a thousand 
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years of Monastic study and Scholastic teftching had 
accomplished. 

The iDtroduction of the art of printing soon wit- 
nessed, if it did not produce, the downfall of Scholas- 
ticism. The greater facility in obtaining books 
awakened men's minds to a desire for tlie acquirement 
of knowledge. As milestones on the path of prt^rees 
short sketches are given of the life and work of a few 
distinctive men, each of whom in turn has been the 
centre from which new learning started. All of tliese 
■ great men, though original thinkers, followed only 
the method of a-priori reasoning. Experimental re- 
search and critical observation as yet scarcely existed, 
possibly with the exception of the work of Copernicus, 
who appears to have well studied the heavens. 

Earlier in date, but ]at«r in the actual advancement 
of hiimaa knowledge than Descartes, Lobd Bacx)k 
formulated the method of the Inductive Philosophy, 
and established the use and the dignity of the study 
of Nature. Baoon preached better than he practised. 
He made few practical investigations, and never ac- 
cepted the Copernican Astronomy that Galileo had ' 
so ably demonstrated. 

With Galileo a new school began. To the abil- 
ity of a Mathematician, which most of those al- 
ready mentioned also possessed, he added the power 
of accurate observation and the careful consideration of 

[XV) 
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INTJIODUCTION 

tlie &cta obtained. With bim begaa the practical 
application of inductive reasoning. 

With Sib Isaac Newton may be said to have 
oommenced nearly all that we know of Modern 
Science. To his discoveries of the compound struc- 
ture of a ray of light, the theory of colors and the 
laws of gravitation, are due the facts which establish 
the generalizations that unite our planet witli tlie 
whole universe. They prove that of the tliousands 
of millions of stars that exist, eacli is undoubtedly a 
central sun in planetary systems of worlds somewhat 
like our own ; which are governed by the laws that 
govern oars, and probably have sentient beings on 
them as wise or possibly Jar wiser than ourselves. 

In treating of the IrO^ddlar Mher, whose existence 
Newton postulated as essential to the theory of light 
and probably that of gravitation, a disproportionate 
space is devoted, from the desire to call attention to 
the assured existence and probable nature of that al- 
most incomprehensible substance: the carrier of all 
Snergy, that is within and througli all matter, that 
. extends beyond the most distant Star, lliat brings us 
light and life, but of which we really know almost 
absolutely nothing. The belief in the existence of the 
Ether, advocated by Democritus nearly 500 years B. 
C, has of late years grown into general acceptance, 
since it serves to explain the transmission of light, 
(xvi) 
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heat and the electric waves. The Kinetic Theoiy of 
Gases, now firmly established, showing the molecules 
of all gases to be in constant, rapid, translator^ mo- 
tion, producing thereby the effects of the pressure and 
expansion of gases, has a strong analogy with what 
is supposed to be the Atomc structure of the Ether. 
Our atmosphere, a gas, while preserving the indi- 
vidual motion of its molecules and the statical pres- 
sure of fifteen pounds to the square inch upon our 
bodies, as upon all substances, is yet insensible to us 
BO long as the pressure on all sides is alike, yet it is 
also the laediuw, whose vibrations cause mu/nd. All 
production or conveyance of sound ceases with the 
withdrawal of the air. Nature is parsimonious in 
the employment of her Ministers. She requires of 
the atmosphere not only the service stated, but 
makes it also the reservoir of tlie oxygen we breathe, 
the storehouse of carbon dioxide, kept therein until 
wanted for the life of the growing plant, the supporter 
of combustion, the distributor of water throughout 
the land, and the conservator of heat; while the 
winds thereof are their own conveyers of physical 
motion, are the forces tliat move the waves, wrestle 
with the forests, and scatter seeds and pollen through- 
out the land. So also the Ether should have many 
duties. It is the medium through which Life is given ; 
whether only through the light and heat it brings, 

(xvii) 
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or whetlier in addition thereto its atoms take part in 
indudog new groupings of the existent chemical mo- 
lecules, are questions that are as yet beyond the result 
of human investigation. 

Had the brilliant mind of J. Clerk Maxwell 
(1831-1879) been spared to the world a few years 
longer, he would probably have added as much to 
our knowledge of the Ether as hb genius had done 
to the theories of Electro-Magnetism, (See his 
articles "Atom, Attraction, Ether," etc, Encyclopsedia 
Bfittanica. dth edit.) 

Wlieu men b^n seriously to investigate phe- 
nomena under the light of inductive reasoning, almost 
the first step was to discard the old views of the com- 
position of Matter and the vague four elements of the 
Alchemists : Air, "Water, Earth and Fire, that lent to 
substance its properties. Then was substituted there- 
fore the definition of an clement in its chemical 
meaning : "A substance that cannot be separated into 
its constituents. " This definition conferred individual 
characteristics upon the atoms postulated by Democ- 
ritus that by him were considered without properties 
other than having motion; the four elements: Air, 
Water, Fire, etc., furnishing the "accidents" that 
distinguished the kinds of matter. From the true 
conception of the elements soon arose that of their 
molecular groupings and the lawBof chemical affinity ; 
(xviii) 
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the false but plaoable theory of Phli^ston ioterpoe- 
ing, and delaying for generations the true explanation 
of combustion, of respiration, and of numeraua other 
phenomena tliat are connected with free oxygen and 
with its many compounds. 

Upon the knowledge obtained through the Science 
of Chemistry nearly all the prioress made in other 
sciences depends. Through it we have learned of 
what the animal, plant and mineral realms are made, 
of what our globe is composed, and, most wonde^ul 
of all, with the help of spectral analysis, we are 
taught whether the far distant stars are moving towards 
us or away from us, of what elements tliese glowing 
orbs are composed, and we have even discovered iu 
the sun certain elements before they were known or 
met with on this earth. Chemistry lias also proved 
to us the indestructibility of Matter. We can make 
or break up many compounds ; they are groupings of 
atoms into molecules that can be separated ^ain into 
atoms, but the atoms can neither be made nor can 
they be destroyed. They are imperishable. In like 
manner Energy can neither be made nor can it be de- 
stroyed. The changes that can be induced in ita 
form or manifestations are endless, but man cannot 
bring it into being from nothing, nor can he annihil- 
ate it. 

Any change in chemical combinations is always 
(xix) 
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attended with the development or the absorption of 
heat^ and also with manilestatioDB of electrical phe- 
nomena. Heat and electricity themaelves induce 
chemical changes. These relations indicate that 
chemical affinity, like heat and electricity, is de- 
pendent upon the properties of the Ether, but what 
chemical affinity ig, or v^y it acts, it is almost im- 
possible to conceive. The possible cause of Static 
electricity Mid of e1e<^xo-conductivity — the Ions of 
the Ethereal molecules — has been su^ested by the 
Writer. A description of the generation of the 
Kathode and of the Bontgen rays has also been in- 
clude*!. 

The Giet^ny of the earth covers too wide a field 
to be more than merely named. A suggestion is made 
of tlie probable origin of carbo-bydrides from inor- 
ganic changes. Since writing this M. Moissan lias 
shown the probable production of Petroleum in the 
earth from metallic Carbides. 

The fleeting view thus taken of the phenomena of 
the inoi^nic world shows that all knowledge thereof 
has only been obtained by the close observation of 
conntless individual facts. By chissifying them into 
group of more or less general similarity, and noting 
their accordance with or divergence from some com* 
mon principle, mode of action or of force, we think 
we understand their nature and what they ai& But 

(XX) 
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wheo we tiy to know this princaple, action or foroe, 
what tf is, we find it is beyonci our oomprehension. 
The phenomena are co-related ; each involves the co- 
existence of other phenomena that precede or follow 
■U Tlieir connection and their sequence are learned, 
but sooner or later we are led to ultimate causes that 
are past understanding. This ia the case with all 
we know of the mineral or inorganic world. It ia 
even fer more so with the organic world, when we 
look upon that which has Life. 

The truth of the doctrine of the Evolution of Life, 
including the Origin of Species, has ceased for years 
to be a debatable question among men of scientifio 
learning. Though from tlie nature of its subject it 
is incapable of mathematical demonstration, yet the 
&cts supporting its truth are so convincing t^ tlie 
mind and so well established that, like Newton's law 
of gravitation, the theory ia now beyond discussion. 
Ijke Newton's law, also, this doctrine at first met 
with violent opposition. Each changed and over- 
threw old, long-established, orthodos belie& ; for over 
one hundred years Newton's theory of gravitation 
was r^ected by many ; was considered to be atheistic 
and impious. From similar reasons, about fifty 
years ago, intense indignation and excitement was 
caused by the publication of the " Vestiges of Crea- 
tion," an imperfect theory of natural evolution. The 

(xxi) 
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oppoeitioa to it baa long sinoe died. The tlieoiy of 
the Evolution of Life and the Origin of Species, sup- 
ported by the writings of Darwin, Wallace, Huxley 
and others, has been accepted and defended even in 
the pulpits of our land. 

To many persons who have been educated with 
different ideas, even especially with those studying 
only certain branches of sdence, the break between 
the old train of thought, or what was believed to be 
true, and the teaching of modem science is so great 
as to be bewildering. They have to discard from 
their minds bo much which has proved to be erroneous 
that it would seem that nothing might be left. The 
neglect of all philosophy other than that contMned 
in the proximate principles of Chemistiy, Physics, 
Biol<^, Medicine, or whatever else might be the 
immediate subject of study, leaves its students in pos- 
session of an imperfeiAhumiledge m^of the secondary 
causes. Each branch of Science, being dissociated 
from other branches, prevente that generalization of 
knowledge upon which the Philosophy of Evolution, 
as well as al! other Philosophies, must be grounded. 
In consequence thereof many students of the sciences 
are apt to drop into a shallow Positivism, or into 
what they mistake for Agnosticism, but which is really 
only mere negation founded on Ignorance. On the 
other band, many people who desire to know the 
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principles of Evolution, among them often women of 
clear and cultivated minds, are driven from its study 
by liearing that it is pure Materialism only ; that it 
may destroy the belief they have and give nodiing 
in its place. That such a view is erroneous is here 
endeavored to be shown. 

The problems that present themselves in oousidw- 
ing the Doctrine of Evolution, and what it is that 
constitutes Life, lie necessarily within the limits be- 
fore described, that of the study of aecoiuJorj/ causes, 
but constantly approach that line which cannot be 
(Toaaed, Yet in striving to learn wliat we cannot 
learn, we are often able to know better that which is 
within our reach ; to recf^ize how all the processes 
of Nature are intertwined ; (low the proj>erties of one - 
division of substances are dependent upon or avail- 
able for the continuance of other phenomena of a 
widely diSereut order. We can see that this little 
globe is a Cosmos, in which the imponderable and 
the ponderable, the inorganic and the oi^nic, the 
plant and the animal, the living and the dead, are 
concatenated : each link therein an essential part of 
all. Many of these- relations we know, of many 
otiiers we still are ignorant. 

Haeckel, Huxley and many other Bioligists some 

years ago ngectcd and even ridiculed the existence 

of a Vital Force, believing that all the phenomena 

(x^iii) 



DoiizccbvGoogle 



INTRO DVCTlOtf 

that oi^anic structure and that Life exhibit are suf- 
ficiently explained by the laws and actions of chemical 
affinity, and therefore that the existence of aoy force 
called Vitality is unfounded and superfluous. This 
view has lost credence to a great extent within a few 
years past, by the disproof of the main foundation on 
which it rested — the doctrine of Spontaneous Genera- 
tion. The closer relations that have been established 
between the phenomena of Physics and of Chemistry, 
the conservation of Energy, and the acceptance of the 
existence of the Ether, have widened the field of in- 
vestigation, and even led to the possibility that what 
were considered the " Ultima Thule " in chemical 
science, the atoms, may be a compound, a pro- 
duct of the Ether. The phenomena that Life oEfers 
are more than those of Chemistry and Physics. 

The examination of the manifestations of Life 
should b^in with its development in its simplest 
shapes, the " Monera " of Haeckel : those forms of 
which it is impossible to say whether they are plants 
or are animals. Among them, or closely related 
thereto, are the Bacteria and similar low forms of 
Life. The evil and the good that tliey give rise to 
are pointed out In what way Life manifests itself 
and is transmitted without change in the lowest forms 
of bdngs, by division or gemmation, and in the pro- 
gressively higher forms by asexual and sexual geneni- 
(xxiv) 
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tion, is shown by describing in tletail the proceaees 
in the lowest life, in plant life and in flowers. The 
conditions that give rise to the variation of species 
and the benefits and evils from atavism are briefly 
noticed. The nature of the Fungi family and tiie 
curious composite state of Lichens are considered. 
The all-important part lield in Nature by the Chlo- 
rophyll cells in the leaves of plants, without whose 
functions all plant and animal life on this eartJi 
would soon cease, have received attention, and par- 
tial explanation of their action is given. The flor- 
escence of plants, die fertilization, the germination 
and growth of the seed into the plant, are shown to 
be the expenditure of Energy from the Ether, stored 
up in the plant and seed until needed by the plant's 
new growth. 

The higher development of life in animai^ has 
been but lightly touched upon ; changes produced by 
incubation in an egg, and a few remarks on Embry- 
ol<^, being all that Was thought desirable to give. 
Throughout all the phenomena described, the Energy 
carried by the Ether is believed to be the direct acting 
power. 

A slight sketch is ^ven of the men who preceded 
Darwin 'that held ideas concerning the Evolution 
of Life- The manifestation of intellect is next con- 
sidered, and the change in the line of evolution that 

(XXV) 
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ceasing to modify tlie hod^ ezpended itself on the 
growth of the hrain that was needed for the develop- 
ment of the higher ener^es brought by the Ether, 
producing, finally, rational Man. The traces of big 
once arboreal life are yet borne by him, and from 
time to time reappear, through atavism, evidences of 
his onoe sayi^ and even brntal nature. If men 
were early taught to recc^ize these traits for what 
they are, and eeek to conquer and remove them, many 
a worthless life might become a worthy one. 

The narrative given of the Evolutiou of Knowledge 
has been thus far absolutely from the point of view 
of strictly scientific observation and empiricism ; 
phenomena have been considered as manifestations of 
force and enet^ in various forms, and under laws or 
conditions of exact and constant uniformity, open to 
investigation and to more or less perfect understand- 
ing. It is the only way that tlie Path of Evolution 
should be or can be studied. 

Yet iu all directions that we seek to pass we meet 
with the evidences of the existence of a wise, intelli- 
gent, all-sustaining Volition, in whom all things 
bfgiu and end, who is the source of life and the giver 
of all good ! 

The Philosophy of Evolution teaches a Mi£ferent 

Teleology from that of the metaphysician or theo- 

It^ian. It shows that the arrangements for life and 

(xxvi) 
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bappiDeBS forthe good of all, are iinchaDgeabl& The 
laws instituted mast be learned and obeyed. The 
actions thereof ace invariable, not varying capri- 
donsly nor cbanged from any cause. It is for na to 
learn them and obey tbem, for ignorance or good in- 
tention will not excuse, nor save from the consequences 
of their violation. The laws that govern mental and 
moral action are like the physical laws — to be 
learned and to be obeyed. 

The question, "Is Life Worth Living?" for 
animals or man, is answered by a rapid glance at tlie 
life of each, beginning with the undoubted joy of 
living by the young of all animals, ^ving place as 
they grow older to the dutjes of providing for them- 
selves and for their young, and to the parent's care 
and love for its ofispring. In man the youthful dajm 
are much the same — the animal pleasure in merely 
living ! As childhood passes with the youth away, 
the duties of life begin, and with the duties come 
the pleasures, too — if pleasnre-eeeking be not the only 
goal. 

The traits of similarity and of difference in the 
young girl's character from that of the boy's are no- 
ticed, and the distinguishing characteristics of woman's 
psychical nature fitting her for life's duties are de- 
scribed. The mutual atiractiou the opposite sexes 
have for each other plays an important role iu the 
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lift of each, cftimng the romance of love and moat of 
the Poetry of Life. 

The problems offered by the ezistenoe of Sin and 
Death find a better Bolulion ia the doctrine of Evolu- 
tion than can probably elsewhere be given. Death 
is onquesUonably an inte^^ and essential part of 
the plan of existenoe. The former finds a partial 
solution in atavism, and it is trusted will fiud a com- 
plete one in the ultimate results of further and per- 
fected evolution. 

The course of life is not intended to be free irom 
troubles. The full development of the j^yneat 
frame is in consequence of the exerdse of its muscles 
and faculties ; unless the organs are brought into use 
they will not strengthen, and if quite disused will be 
atrophied or die. So it is With the mental and moral 
Acuities. The greater the intelligenoe, and the 
greater its capacity for advancement and improve- 
ment, 80 much the greater is its need of a higher 
stimulus for the onward course. The lessons of life 
are to be learned more by practice than by precept 

The Philosophy of Evolution can teach nothing 
positive concerning a &ture life more than odier 
philosophies can teach. To discuss it even lies out^ 
side of its province. Nevertheless, this may be said. 
The Path of Evolution clearly shows that tlie course 
of all life here is an advance from a lower state of 
(xiviii) 
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development or of ezistenoe towards a nearer perfect 
dcvelopmeDt and a higher existence. If our lives 
are so pasaed here that the personality acquired is 
worthy of a nobler and a wider field, it would seem 
but natural " when the spirit shall return unto God 
who gave it " that its evolution shall coutjnue into a 
higher life, for the doctrine of Evolution that Science 
teaches is that the Intelligence and the Will was not 
the .Bmin ihat iUed, but that the brain was only the 
workroom and the dwelling-place of part of that In- 
telligence and Will that HETEB dies. 
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THE DOWNFALL OF THE BOHAN EMPIRE IS THE 
WEST AND THE EXTINCTION OP LEABNINQ — ■ 
THE OPENING OF THE BCHOOU BY CHARLE- 
MAGNE — THE ARABIAN AND THE JEWMH PHIL- 
OBOPHY. 

" Tbe (o<Ter that had long atood 
The cnuh of thunder and the warring winds. 
Shook bj the dow but sure degtrojer Time, 
Now hangi in doubtFul ruins o'er ite baae. 
And diuty paramidB and nalla of braM 
Defend. The Babylonian spina are Bank; 
Achua, RoRie and Egypt moulder down. 
Time ■hakee tbe stable tyraoD; ot thronu, 
And loitering empirea rush by their own weighL"* 

The empire of Borne, with its civilization and its 
learning, was &r advanced on the downward path to 
its ultimate ruin when, in 325, Constantine accepted 
Christianity as tlie official religion of the State. The 
city of Rome had ceased in Diocletian's time to be 
nominally the seat of government. In 330 Constan- 
tine established the Imperial City to which he gave 

•JohnAnnatrong. ITOft-lTTS. 
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his name, and to which he transferred much of the 
riches of Rome and many of its most prominent 
citizens. Rome was no longer the literary centre. 
Most of the Latin authors of this and of the iiest 
century were Gauls by birth and habitation. The 
Greek language, which had been read and spoken in 
Rome for several centuries by all persons of culture, 
began to pass into disuse in the western branch of 
the empire. In Constantinople it continued to be 
the language of literature, though the transactions of 
the government were officially in Latin. 

Throughout the first three centuries of the empire 
the doctrines of the various sects of philosophy had 
been taught in the schools of the several great cities, 
especiallyin those of Athens aud of Alexandria. The 
most prominent among the philosophies were those of 
Plato, of Aristotle, of Epicurus, and of the Stoics; the 
first especially, whose teachings preceded those of the 
founder of Clinstianity by over three hundred and 
seventy years, had exerted and continued to exert a 
dominating power over the minds of learned and of 
thinking men. To its influence and to that of the 
Stoics was probably due the introduction into the 
Fourth Gospel of the doctrine of the Logos. The writ- 
ings of Philo Judieus (born about 20 B. C. and died 
almut 50 A.D.) had brought the Greek philosophies — 
already known to the Hellenistic Jews — more vividly 
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before them. The Stoic philosophy — a materialistic, 
partly pantheistic view of nature — placed the ethical 
life of man and tlie pursuit of virtue upon an emi- 
nence to which no other pagan philosophy had ever 
attained. In Kome it dominated the life and writ- 
ings of the Emperor Marcus Aurelius Antoninus, 
Soon after his death it became absorbed into neo- 
platonism and lost its separate existence. 

The Epicureans, followers of Democritus and of 
Epicurus, taught that all nature was the blind result 
of chance, the haphazard, fortuitous impact of the 
atoms, without auy governing cause, cither eiScient 
or final. Being thus atheistic, the philosophy had 
little or no influence upon earlier or later religions. 
Yet its atomic theory of the physics of space is other- 
wise a marvellous anticipation of the thought and 
science of modern times. 

The doctrines thus taught by the various philoso- 
phies were also practically the religions of their 
adherents, except among the Jews and the early Cliris- 
tians. Some of the former added, as Fhilo did, the 
Platonic and Stoic philosophies to the teachings of the 
Mosaic Scriptures; the latter — the Christians — either 
rejected the philosophical religion of their teachings 
absolutely as of no value, or accepted them in jmrt 
only and assimilated them into the Christian dogma^^, 
giving birth to the Gnostic, Dooetic and countless 
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other heresies that for oenturies distracted aad divided 
tlie Chriatiao churd. It was not antil the latter 
part of the ninth oentDry that the church began to 
teadi in its schools the principles of philosophy apart 
from, but by the side of, its theological learuing. 

The repeated invasions of the barbarians had, by 
the end of the fifth century, destroyed the Roman 
Empire. Rome itself, conquered and sacked, over 
and over again ; tlie country around it — the campagna 
— ^rowu pestilential and uninhabitable from the fill- 
ing up of its drains and watercourses, seemed to 
await the fate of Babylon or Carthage, so that even 
its ruins might have perislied and its site been lost. 
The conquests of Theodoric the Great, King of the 
Ostrogoths, known in the Teutonic legends as the 
balf-mytliicai "Dietrich of Berne," gave for a time 
the promise of better days. Under him Italy again 
became prosperous. The arts revived, the advance 
of the semi-savage Franks under Clovis was checked, 
and peace and civilization seemed again established. 
But his successors did not possess his abilities; they 
could not defend what he had conquered! After 
sixty years their kingdom fell ; the invasion of the 
Lombards completed the conquest of Italy, and the 
night of the Dark Ages shut down on Europe. For 
six hundred years all learning ceased, and much that 
had existed was forever lost. 
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In 590 Gregory the First had been elected Pope. 
This man, born of a patrician family and of high 
natural abilities, succeeded in keeping the Lombards 
away from Borne itself. Sismondi Bays: "It is diffi- 
cult to aoderstand why Rome was not taken by the 
Lombards when Alboin made die conquest of the 
rest of Italy." * 

Qr^orjr's energies were devoted solely to the pro- 
gress and advancement of his church. Besides es- 
tablishing the Orthodox faith in Great Brtiain, he 
succeeded in converting to its doctrine many of the 
Arians (Unitarians) of Italy and Spain, who, in com- 
mon with the Gauls, the Ostro- and the Visi-goths, 
and all the northern barbaric nations — except the 
sav^ and orthodox Franks — had for centuries ad- 
hered to that heresy. 

The writings of Gregory show that he held in 
horror and aversion the classic literature of the past. 
The evidence that lie instigated the destruction of the 
monuments and temples of antiquity is very doubt- 
ful. Equally without proof is the common belief that 
he ordered the burning of the Palatine Library; but 
tlie iact of his contempt for learning is unfortunately 
too well established. 

"Enidition consisted then, as it did for centuries 

after, only in the recognition of the dt^mas that a 

•HiMoira dcs Republic Ilalieos, T. I., p. 140. 
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Cliristian should accept, and of the heresies which he 
ahould flee from. Having heai'd that Didier, Arch- 
bishop of Vienne {formerly one of the most literary 
towns of Gaul) had undertaken to reopen the schools — 
he himself giving lessons in grammar — Gregory wrote 
to him: "My brother, they write me what I cannot 
repeat without shame — that you have thought it right 
to teach grammar to certain persons ! Learn, then, 
how serious, how frightful It is that a bishop should 
treat concerning things that even a Layman ought to 
be ignorant of! If it can be shown to me that the 
report is false, and that you have not been occupied 
with such frivolities, with secular literature, I will re- 
turn thanks toGod that He has not let your heart be 
soiled by the impure felicitations of the perverse."* 
Such language indicates the temper of the time! 

The heresy of the Moutanists, aided by the poverty 
and desolation of the land, drove thousands into the 
desert and wild places to leada life of asceticism, 
fanaticism and idle introspection, following therein 
the doctrines of the Essenes and the Therapeutse 
rather than the Christian teachings. Other countless 
thousands gathered into little knots and funnded 
monasteries throughout the eastern and western em- 
pires, even in Rome itself. The inmates thereof 
practiced the self-denial and asceticism that they pro- 

■ Hftureau : FbilosophEe Scholaetique. 
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fessed; tbey confined tbemselves to the clothing 
absolutely Decessary, and to a diet of the simplest and 
poorest kind, barely sufficient \a nourish life. This 
regimen was well fitted to stimulate their visionary 
&ncie8, while it reduced their minds and bodies to a 
condition that was under their better self-control. 
Their daily labor in cultivating the land, or in servile 
work, provided them with food, and other wants they 
had none. 

The practice of an ascetic life has in all countries, 
Pagan and Christian, generally been considered the 
evidence of superior virtue, and has conferred sanc- 
tity upon its votaries. Upon this account as time 
passed on and the monasteries increased, they re- 
ceived many donations from those entering their orders, 
and ricii bequests from those who had died in the 
faith. The orders having perpetual succession seldom 
lost that which they iiad once received. They 
rapidly increased in wealth, so that their inmates 
were relieved froTn the necessity of menial work. 
With their increasing wealth the natural consequences 
followed. Their humility and asceticism were re- 
placed by pride, arrogance and luxurious living. The 
other and worse scandals of later monastic life need 
not be dwelt on here. 

The ample leisure thus afforded in their sechided 
lives might have properly been devoted to study; 
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but the illiterate masses wbo filled the cells were 
without education. Their time was Iai;gely taken 
up with tlie exercises of devotion; the few who 
could read and write were occupied in recording the 
visions, miracles and the partially fabulous lives of 
their fellow-devotees, who, after death, were often can- 
onized, and entered into the hagiography of the saints. 
A few — the very few of them — preserved copies of 
the Greek and Latin classics. In the western em- 
pire the knowledge of Greek practically died out. 
Latin was preserved in a more or less imperfect form 
by the necessity of employing in the church services a 
language that might be equally sacred and at least par- 
tially intelligible to the Lombard, the Gaul, the Bur- 
gUndian and the Frank. The popular or vulgar dia- 
lects of each nation were alike unintelligible to the 
others, especially in France. As the years succeeded 
each other, the Latin became more and more corrupt; 
and as the times of the grammarians became more 
remote, the last remembrances of learning seemed to 
die out. A few monks might be found in the depths 
of some of the monasteries who had received and 
preserved in secret some slight notion of literature; 
but the intellectual state of the multitude both of the 
clergy and the monks was that of thoughtless, care- 
less ignorance. * 

■ Historie de la PhiloKmhis Scolxtiqae, t»r B. Hsureau, Membra 
de L'Institute. Paris, 1 8TS-1 S80, en Trois l^mes, T. 1., p. h. 
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Tlie decadence of moraU had followed the neglect 
of stud/. Idleness bad served to nourish vice. The 
people that had once disttngniehed themselves in the 
world bftd slowly degenerated, so that they seemed to 
have lost the instincts of morality. In Italy, as well 
as in Spain and Great Britain, a little more learning 
was preserved than in France. There were a few 
schools in which the masters read the chissics. Cbar^ 
lenu^e had.visited these, and he determined upon 
the restoration of the schools throughout his realm.* 
In 788 he wrote to the bishops and abbes a circular 
tetter stating : " We consider it useful that in the 
monasteries aud dioceses committed by the favor of 
Christ to our administration there should be added 
the study of letters, to the scrupulous observance of 
the r^ular life and the practice of the holy religion ; 
for, if it pleases God that we should live rightly, we 
must not neglect to please Him also by speaking 
ri^tly." Thus b^n the first eSbrts towards the 
revival of learning in Europe. 

Sismondt,t describing the mode of life of the Ital- 
ian "Seigneur" in the 9th and 10th centuries, states 
that they lived shut up and apart in their castles, 
surrounded by their peasantry only. They felt no 

• In SSO he was procUimed emperor by the people Bod magnate! 
of Rome, thus i««iIabIishiDg the empires of the Weet, coaaisting of 
the whole of Qerman}', France and \\x\.y. 

t Biamondi : Bepublique Ilulieiu. T. I, p. 33. 
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need of cultivating tbeir minds to ebine in society, 
for society they had none ; nor of living in splendor, 
to impose only on their inferiors. Their pleasures 
and their luxuries were arms and the chase. The 
education of a gentleman consisted iit being taught 
how to manage a fiery steed ; to handle with skill a 
heavy lance or shield, and to bear without fatigue tlie 
weighty cuirasse ; but it did not require that he should 
speak with elegance or write correctly. The vulgar 
language had become something very different from 
Latin ; yet the latter was the only language that 
could be written, A vast number of contracts made 
by gentlemen, have been preserved, drawn up by the 
scriveners in such barbarous Latin that it b almost 
impossible to recc^nize it as such, Tlie buyer, the 
seller, the witnesses were generally all gentlemen, 
but, not knowing how to write, made crosses for their 
signatures, which were attested as such by the scrive- 
ner. 

Haurean states : " In France the laity had at first 
only a repugnance for study, but afterwards a con- 
tempt for it. They were then led by their vanity to 
refuse even to learn to read. To teach them the his- 
tory of their religion it was necessary to cover tlie 
walls of the churches with ]>aintings. This became 
their only literature." 

Astheschool8wereopened,however, in many towns, 
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crowds of the young ecclesiastics thronged to them 
eager to learn, so that the schools in such communi- 
ties became flourisliing. In other places illiterate 
and indolent bishops violently opposed them; de- 
clared themselves the enemies of all learning, saying 
that it was a sin even to read the Scriptures; tliey 
scorned as meddling mischief-makera those who spent 
their time meditating over the law of God. They 
were not enough in numbers, however, to atop the 
progress of the schools. In vain they groaned, de- 
claimed and threatened. The people in every town 
solicited a school ; when the request was refused, they 
complained to the Bishop of bishops — the Pope — 
Eugene II. (824-827), who ordered that in all the 
dioceses, dependent towns, and wlierever it juight be 
needed, masters should be appointed to teach belles- 
lettres and the liberal arts. " Thus was revoked the 
labor and instructions of St. Gregory, and the door 
was opened in the church for teaching to the youth 
among the Gauls the writings of the ancient philoso- 
phers, who were well named the Patriarchs of the 
Heretics. Then, after some centuries of arduous 
work by the poor clerks in restoring to available 
shape the literature of the past ; after the schools had 
grown beyond the study of grammar and rhetoric 
into the higher study that we now call philosophy, the 
church, condemning the work of its own hands, 
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lighted up the funeral pyres to predpitate thereio 
both masters and pupils." * 

THE ARABIAN PHILOBOPHT. 

While Europe, from the be^nuiug of the seventh 
ceututy until nearly the middle of the uiuth, sank 
deeper and deeper in the mire of ignorance and dark- 
ness, a new power arose in Arabia, that for two or 
three generations seemed as if it could only serve to 
increase the gloom. In the year 571 Mohammed 
was born in Mecca. He died in 632, after having 
established by the sword his dominion and his faith 
over the people of his own land, and attacked, at first 
unsuccessfully, the Byzantine Empire. His death 
occurred when he was preparing to renew the attack. 
This war his successors carried on against the Greeks 
and against all the border lands of Arabia, driving 
back upon themselves alike Ft^us, Jews and 
Christians. Many of the believers in Islam, the Bed- 
ouins and other Nomads, were as ignorant and wild 
as the northern hordes that had swept over and pos- 
sessed the Western Empire. It might, therefore, 
with reason be expected that the new faith would 
destroy with its advance all existing knowledge in 
the lands it conquered. 

With Mohammedanism, as with Christianity, many 
■UaursMi : PbiloBophi* Scholartique. T. 1, p. It. 
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heresies arose before the end of its first centnry. 
Each had its origin in the same cause : some inde- 
pendent spirits attempted to explain doubtful or ob- 
scure passages in their several Scriptures, or to malce 
clear the exact significance of dogmas derived there- 
from. Thus arose various Bchools that interpreted 
the Koran diversely. The advocates of the several 
schisms learned to clothe their arguments in dialectic 
ibrms that philosophy furnished, so that they gradu- 
ally changed from being schools of theotc^ only 
into schools of philosophy. 

The first heresy was that of the Kadrite8,«bo held 
the doctrine of Free Will : that man alone deter- 
mined his own actions, whether good or evil. To 
them were opposed the Djabarites, or absolute Fatal- 
ists : that man had no power whatever in himself. 
This doctrine would have accorded well enough with 
the orthodox belief if its author, in his desire to avoid 
attributing to God the qualities of the creature, had 
not made of Him an abstract being, devoid of all 
attributes and action. Against both of these arose 
the Ci&tites, who, taking literally the words of the 
Koran regarding the attributes of God, fell into the 
grossest anthropomorphism. Finally came the " Mo- 
tazeles," or " Dissenters," who avoided the extremes 
of the other belief. They differed in thetr own Beets 
on minor details, but agreed in not recognizing in 
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God attributes distintd from his eseeuce ; and thus 
avoided eveiythiog that seemed able to injure the 
dogma of the unity of God. "They accorded to 
man free will in his actions, and maintained the 
justice of God, in that man chose for himself good 
or evil ; therefore the merit, or demerit, was his alone. 
They said: All that is necessary for salvation is 
within the province of reason, and could have been 
acquired by its sole light before tlie existence of law 
or before revelation. It is thus an obligation upon 
man so to acqure it in all times and all places." 

"This heresy, in opposing orthodoxy and all other 
heresies, had especial need of dialectics, and its advo- * 
cates became well skilled in their use. It is probable 
that the contact of the Arabs with the Christians of 
Syria and Chaldiea, where Greek literature was culti- 
vated, had introduced the language of philosophy, as 
well as assisted in the origin of the echiams." * 

"With the downfall of tlie Omayyad dynasty in 750 
began the reign of the Abassides. A few years later 
Baghdad was founded, the capital of the Empire of 
the Caliphs. While Western Europe was iu the 
deepest sleep of the Dark Ages, Al Massur, the 
builder of Baghdad, drew around him men learned in 
tlie knowledge of Greek literature. His successors, 
particularly AI Mamoun, made noble efforts to dis- 
seminate the learning of ancient times among the 
■Solomon Munk: Philosophic Juive et Arabs. 
'4 
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Moslems through the translations from the Syriac 
In this manner they became familiar with the works 
of Aristotle, whose empiric teaching accorded much 
better with their needs than the idealism of Plato. 
They valued, at first especially, the practjcal utility 
of Aristotle's works on medicine (in which their own 
knowledge soon fer exceeded that of Europe), on 
physics, and on astronomy. The latter two were 
so closely allied to philosophy that they soon felt its 
need, especially in the use of dialectics. Thus, while 
the schools opened by Charlemagne in his empire 
were stru^ling over the primers of the language, or 
at the utmost with the grammar as then taught, the 
schools of Baghdad were in possession and in familiar 
use of many of the works of Aristotle that did not 
reach Europe until the latter part of the twelfth cen- 
tury. Many of these books, as well as numbers of other 
ancient writings, have only reached us through their 
preservation in the Arabic version. The Arabic 
philosophy was thus almost exclusively the peripa- 
tetic, more or less tinctured by neoplatonism. Thus 
Avicenna (Ibn-Sina, b. 980) sought to reconcile the 
existence of the Absolute — the Unapproachable — with 
the sublunary world by establishing a chain of inter- 
mediate spheres or links by which the pure energy 
was communicated to all the varieties of matter."' 
• B.Uunli: PhllDSophie Juive et Arabs. F.14S. 
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The names of AJ Eendi, Al Farabt, Avicenna, 
Avempace, became well known to all the scholastics 
of Europe, while Averrhoes (Ibn Roschd., b. 1126) 
was recognized as the most learned among the Mo- 
hammedans, and the profoundest of all commentators 
on the works of Aristotle. His medical knowledge 
was equally valued. As happens too often to original 
thinkers, he suffered much from the Orthodox be- 
lievers; the MuBsuloutQ authorities accused him of 
holding opinions that were not orthodox, and of 
preaching philosophy that was detrimental to Mo- 
hammedanism. He was insulted in Cordova, his 
native town, and obliged to live in the suburbs. Later 
in life he was taken i^in into favor by the Caliph 
Almansur and called to the court at Morocco, where 
he soon afterwards died, aged seventy-two years. His 
philosophy, like tliat of Avicenna, was partly neo- 
platonic He believed in the intermediate spheres 
and in Uie two intellects — the one active, the other 
passive — the hylic The active one is an emanation of 
the Universal Intellect; tlie passive, of the recep- 
tive intellect. By the conjunction finally of the two, 
all that is personal in man, the receptive as well as 
the active intellect, will efface itself by uniting with 
God, the only veritable Being who is of an absolute 
unity. Man obtains from this conjunction of intel- 
lects nothing beyond this life. The general ideas 
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which emanate from the UDivereal iDtelligence an 
imperishable for all humanity; but nothing remains 
of the individual receptive intellect.* These ideas, 
which Goutaia pantheistic principles, were violently 
opposed in the Latin schoota by Albertus Magnus, 
-St. Thomas Aquinas, and later by Duns Scotus. The 
later half of the thirteenth century was a battlefield 
in which the doctrines of St. Thomas Aquinas re- 
mained the conquerors. After Averrhoes no other 
Arabian philosophers became prominent in Europe. 

THE JEWISH PHirXJSOPHY. 

The learned Orientalist, Solomon Munk (1802- 
1857), remarks: "The Jews, either as a nation or as 
a religious society, played only a secondary part in 
the history of philosophy ; it was not their mission. 
It is incontestable, however, that they shared with 
the Arabs the merits of having preserved and propa- 
gated philosophical science during the ages of bar- 
barism, and of having, for a certain time, exerted a 
civilizing influence on the European world,"'!' "To 
know God and to make Him known to the world 
was the mission given to the Jewish people ; but it 
was by the inspiration of faith, by a spontaneous 
revelation, that their people were led to Grod. It was 

* Solomon Munk : PbJloeaphie Juiv« et Arabe. P. 445. 
t La Pbilosopbie chei l«a Juifs. P. 511. 
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by addressing tliemselves to the heart of man, to his 
sentiment of morality, and to his imagination, that 
the ancient Hebrews sought to cherish and to propa- 
gate the belief in the one Being — the Creator of all 
things. The existence of God, the spirituality of 
the soul, the knowledge of good and evil, were not 
with them the results of a series of syn<^i5ras ; they 
believed in God, the Creator, who had revealed Him- 
self to their ancestors, and whose existence seemed to 
be above the reasoning of men ; their moral faculties 
flowed naturally to the conviction — to the inward 
sentiment — of a just and good God." * 

It is impossible, nevertheless, to be in close contact 
with the speculative minds of others, without an effect, 
greater or less, on one's own mind. The doctrines 
held by the Alexandrine Hebrews, and especially the 
writings of Philo JudieuB, show how strong this in- 
fluence has been. The dialectics of Aristotle were 
called upon to deiend the Montecallemin doctrines of 
the Karaite Hebrews (borrowed from those of the 
Arabian Montecallemin), the object of which was to 
establish the fundamentals of Judaism upon a philo- 
sophical basis. 

The principal theses defended in the writings of 
the Montecallemin Karaites were : " Tlie original 
matter has not been from all eternity ; the world lias 
•Ibid. P. 461. 
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been created, and therefore has a Creator ; this Crea- 
tor, who is Giod, baa not either beginning or end ; be 
is incorporeal, and is not enclosed in the limits of 
space. His science embraces all things; His lifecon- 
sists in the intelligence, and it is itself pure intelli- 
gence ; He acts with free will, and His volition is 
conformable to His omniscience." 

In physics the Montecallemin based their theory 
of the world on the existence of the atoms of Democ- 
ritus, and consequently of intervening space, but 
they differed from Democritus, and from the Leib- 
nitz theory of Monads, in supposing the atoms to be 
constantly created anew by the fiat of God, and ex- 
isting at His pleasure only. They were without qual- 
ities and without extension ; all bodies arise and 
perish by their a^regation and their separation. In 
this may be seen an approximation to the atomic 
theory of matter at the present day. 

One of the earliest Jewish writera of the Middle 
Ages was Solomon Ibn Gebriol, the author of the 
" Source of Life." He was known to Europeans by 
the name of Avicebron, but generally supposed by 
them at the time to be an Arabian. His philosoph- 
ical writings were in Arabic, though his poetic works, 
mostly hymns — highly valued by the Hebrews — 
were in their language. He was I>om at Malaga, 
Sptun, about 1025. From the teachings of the 
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" Source of Life " in its Latin ver^on the scholastics 
drew many of tlieir notions of matter and form as 
taught by Aristotle, and modified by the Platonic, 
and Neo-Platonic ideas of itsauthor. Between mat- 
ter ("Hyle") and the form he placed the volition 
(La Volonte) which ser\'ed as the intermediary agent. 
We find here the thought which dominated the Jew- 
ish theotogians: that the Ward of the creation indi- 
cated the volition of Giod, manifesting itself freely 
in the work of creation. "Dixitique Deus; Fiat 
lux. Et facta est lux." This volition of the Logo* 
has tbuB been made into the first hypostasis of the 
Divinity, so as to avoid putting the First Substance, 
the Absolute — God — into immediate contact with the 
world. In &ct though, volition as a divine attri- 
bute is inseparable from the Divinity, it is itself the 
divine essence. St. Thomas and Alhertus Magnus 
considered Avioebron to be the first who gave moflcr 
as an attribute of the soul. This doctrine, the ma- 
teriality of the soul, has been r^rded as being to 
some extent the principal point in his system of phil- 
osophy. His doctrine verged closely on Pantheism, 
if not actually identified at times therewith. 

Among all the Jewish philosophers none were so 
well known to the scholastics of the twelfth century, 
— or even to those of later times, who are conversant 
with (he literature of the Middle Ages — as Maimon- 
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ides, or as his own people Icnew him, Moses Ben 
Maimoun, bom at Cordova 1135; d. 1204. 

To the deepest knowledge of tlie religious titera- 
ture of the Jews he added that of all the profane 
sciences then accessible to the Arabian world. Be- 
sides his other numerous works, his great work, 
"The Guide to the Erring" (fje Guide dee Egarfe), 
has powerfully contributed to spread among the Jews 
the study of the peripatetic philosophy. This work 
served as an intermediary between the Arabs and 
Christian Europe, and produced an incontestable in- 
fluence on the scholastic philosophy. Its influence 
is felt to-day in the syn^;ogue. It has survived 
peripatetism, but by its teachings the great geniuses 
of the modem Hebrews — Spinosa, Mendelssohn, 
Solomon Maimonn and many others were introduced 
to the Aristotelian philosophy. His views upon most 
questions were very similar to those of Averrhoes, and 
it was to the efforts of Maimonedes that the Arabian 
philosophy was made known to Christendom. 

Christian scholasticism considered Maimouides one 
of the greatest thinkers that the world had seen fur 
many centuries. Albertus Magnus and St. Thomas 
Aquinas were his disciples. He rejected all assimila- 
tion of God with his creatures. "One could say 
what God was not, but could not say what he was." 
He placed little importance upon the idea of a Provi- 
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dence. " It acta only through the intermediation of 
the reason. It does not trouble itself about the in- 
dividual. Its thought is only for the preservation of 
the genus and species." He admitted tlie doctrine of 
Free Will, and recognized the influence of acquired 
habits and desires, which it was important should be 
satisfied in a suitable and proper manner. He form- 
ally condemned asceticism and a contemplative life as 
hostile to the development of the human race and to 
the fulfillment of its l^itimate needs.* 
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CHAPTER II 

FROM THE BIRTH OP THE SCHOLASTIC PHILOSOPHY 
TO THE DEATH OF BOCIEB BACON. 

" If that I did not know pbiloiophf 
To b« of all our Tanitiei the matljeat — 
The mereiA word that ever fool'd the «Br 
Froia out the SchoolmaD'a jargon — I should desm 
The golden secret, the aoaght " Ealon," foand 
And Beal«d in my soul." * 

Aided by the Arabian and Hebrew learning, thus 

gradually came into being the system known as the 

Scholastic Philosophy : for many centuries the only 

ibrm of erudition in Christian Europe. The sole 

mode of instrnction was in the schools in which the 

teaching, by the "Schoolmen/' as they were called, 

wag entirely oral. Few or no books were accessible 

to the pupils, and for a long time few or none of them 

could read. The clerks, or those who could read and 

write, — the clericus — were the monks and ecclesiastics 

only. For many years the instruction was confined 

to the "triviuitt" of the liberal arts, grammar, 

riietoric and logic. It was necessary before all that 

• Byron's HkDfred. AotllL, 1. 
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men should know the use of words before they could 
rise to the advaacement of thoughts. The classical 
writers were long forbidden to be read, but Gerbert 
about 980 explained the works of Vii^il, Horace, 
and of some others, to his pupils. 

The study of the works of Aristotle, of which a 
few very imperfect copies had been preserved in tlie 
various monasteries, furnished a system of dialectics 
and the proper use of the syllogism that lias practi- 
cally remained without improvement almost to our 
day. His philosophy, viewed at first with disap- 
proval, was later tolerated by the church, and finally 
adopted and fiercely defended by most of the School- 
men in their disputes with the idealistic platonists. 
These disputes occupied the thoughts and the time of 
learned men until the downfall of scholasticism. 

Aristotle possessed one of the greatest intellects 
that ever existed. A genius that has illuminated tlie 
human race ; he seems to have ignored nothing that 
it was possible for the ancients to have known, and 
transmitted to us all the science of his epoque, whether 
derived from his predecessors, his contemporaries or 
through his own labors. Unlike his preceptor, Plato, 
he attached the highest importance to the experience 
of the senses. He distinguished with perfect clear- 
ness between deductive and inductive reasoning; hut, 
notwithstanding his preference for the result of direct 
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observation rather thau theories, for him, as for Plato, 
the scieDce par excellence was that of the piA jHn^ 
<nple — tlie reasou of thiogs — and the syllogism the 
proper form thereof. Few, if any, attempts at ezperi- 
niental investigation are disclosed in his writings. 
In his day such attempts were thotight discreditable, 
and indeed were so considered by most men until the 
dawn of the practical useof the inductive philosophy 
overthrew that of the peripatetic teachings. * 

It has been stated that the philosophies of the 
ancients were not only philosophies but the religions 
of their advocates. ' They professed not only to teach 
the causes of existence and the nature of things, but 
deduced therefrom the principles that should guide 
men through life; that should influence their morality, 
and show them the hope, or tlie futility of hoping, for 
a future life. Philosophy in entering into scholas- 
ticism divorced itself absolutely from this religious 
dement. The dogmas of Christianity in crystallizing 
ultimately into the rigid form of orthodox Catholi- 
cism neither required nor permitted any accessions 
from philosophy, ancient or modem. The dogmas 
of the church, the nature of God, and the relations to 
each other of the several persons of the trinity, and 
of God to man, were questions strictly reserved to 
theology. If philosophers touched upon them other- 
wise than as the church prescribed, they became 
* LarouBH. 
as 
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heretical and weie punished as such. Ethics and 
morality were under the same jurisdiction, and needed 
no extraneous advice. The metaphysics of Aristotle, 
and later of Plato, in their assotnation with theol<^ 
were restricted to the conaderatioo of the abstract 
nature of being: that all substances oondst«d of the 
Form — -the ideal or spiritual existence — united with 
a gross, inert Matter, in itself devoid of all properties 
whatever. The doctrines of the nature of the Uni- 
versale; the question whether all things existed in 
the abstract or in the individual ; whether man, for 
instance, had an abstract or real being, not merely a 
verbal one, as apart from any individual man, was 
the subject matter of endless at^ment and fierce dis- 
pute, far beyond even the last days of Scholasticism. 

According to Plato, Socrates says: "He is the 
wisest of men who, like Socrates, knows well that he 
is in truth worthless, so far as wisdom is concerned. 
(Apo]<^, 0. 9.) The really disgraceful ignorance is 
to think that you know what you really do not 
know." (Apolc^, C. 17.) Modem science teaches 
us the same lesson. We think we have learned much. 
We have gathered many facts regarding phenomena, 
but the more learning we have the more conscious 
we become that of absolute knowledge we have noth- 
ing! 

It is only when we attempt to define accurately the 
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ultimate nature of anything that we soon arrive at 
that borderland heyond which we cannot advance, 
even in thought. If we attempt to frame an idea in 
words they fail us, or we repeat in other words that 
which was said at first. It is as impossible for us to 
conceive that space is limited as it ia to conceive ita 
negative — that it is unlimited. If limited, what lies 
beyond? If unlimited, how can it extend forever 
and forever? As Herbert Spencer says: "We find 
ourselves totally unable to form any mental image of 
unbounded space, and yet totally unable to imagine 
bounds beyond which there is no space." So it is 
with time, and so with motion. Apparently clear 
and evident when v^uely considered, they melt into 
the incomprehensible when we try "to understand 
their essential nature, and bring us to alternate im- 
possibilities of thought." So it is with matter. From 
die time of Plato and Aristotle it has been the battle- 
field of metaphysicians, and in mediseval times of 
the scholastic philosophers, Plato believed in the 
original co-existence of the two principles — one, the 
formless Matter; the other the Form or the ^nrit, 
the artisan of all substence. Matter was without 
form and void, existing only in potency, " for in the 
beginning, before the generation of the compound, 
matter and form existed only in their causes, for 
nothing proceeds from nothing ; " but it was matter 
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which furnished the subsistent in each compound ; 
but /orm gave the life or the exietent In this view 
"form" was the vis creairix, being the idea, without 
wtiich real existence was not. " Before the thing or 
substance the pure, simple idea thereof existed, in 
which idea nothing ever alters, nothing ever changes. 
Tlie substance or the things are, however, the alliance 
of matter with repreetntative forms, which are to the 
ideas as more or less imperfect copies are to their 
models, but which are never permanent in their con- 
dition, since they belong to another class of beings.* 
These views regarding the form and idea, held con- 
sciously or unconscionsly, still lie at the basis of much 
of the metaphysical thought of the present day. 

Among tbe Schoolmen for more than six centuries 
the main subjects that occupied their minds and their 
pens were the questions that grew out of these theo- 
ries. What were the natures and the relations to each 
other of the Univeraals, of the Oenua, of the Species and 
of the Individuals f These were the questions pro- 
pounded in the third century by Porphyry in his 
introduction to the Cat^ories of Aristotle, and trans- 
lated by Bnethius in the beginning of the sixth cen- 

• Avant leB chosen Boot lea idees, pure, simple doDtrieone B'oKere, 
doDt rien ne iw change jamais. Dant lee choses sent lea oopiea plus 
ou moinB impaifait de <:es idees, qui De demeurant jamus dans le 
meme etat, appartiennent a uae autre eerie d'etree. 

Philoenphie Scho., T. 1., P. «9. Compare also Plato'a Phedo, Sec 
SI, et Mq. H. Car7'i Ttaoa. 



DoiizccbvGoogle 



SCHOLASTIC PHILOSOPHY 

tury for tiie Latin world. Until the fifteeatli ceDtuty, 
and even later, nearly all learned men worried and 
fought over these intangible riddles. 

The words genus and species were collective terms, 
embracing all things of a like nature. Thus the 
genus " Animal " embraced not individual animals, 
but all animals. The species, man, horse, meant not 
an individual man or horse, but all men, all 
horses, etc . 

Plato and Aristotle differed in their ultimate ideas 
even morQ than in their mode of expression. Plato 
held that the Universals, the Geuits and the Species 
existed ideally, but nevertheless in reality, necessarily 
before the substances, as principles of their genera- 
tion, and enjoyed as such a proper and permanent 
existence, whilst the individual (thing or substance) 
submitted to the law of movement, or change, and 
had nothing actual, fixed, or stable in itself; it was 
only a mere appearance of its being. 

Aristotle, on the contrary, not holding existing 
things in the contempt that Plato did, makes with 
regard to the Genus, the Species and the Universals, 
properly so called, the following explicit declaration : 
" The man, the horse, aSl the Universals reside in the 
individual. The substance is not some ihiitg or a 
part of the universal : it is a totality — a compound 
of «ucA form and of sack matter. No universal has 
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an esistenoe isolated from the individual being; 
nothing of that which applies to <M beings (or gen- 
eralities) is snbstance, and there is no substance oom- 
posed of substance.* The undefioed is an existence in 
potency, and not in act. The de/iniiion is the eap-es- 
tion of the essence, and the essence is only found in the 
substance ; at least, it is found above all, first of all ; 
in fine, absohUdif, in the substance." f 

Plato placed the Universal in an ideal region of 
its own, and professed that from this superior region, 
anterior to phenomenal nature, the principles were 
communicated to things (substances) tliat determined 
their manner of being. Aristotlealso recognized that 
the individual thing could only be defined or named 

* " L' homme, I'cbeval, lous lea UniTersaux residont dans le> indi- 
TJdas, la mibaUnee D'eat pftaqaelqaechDBS d'uniTereeli e'eat UQ en- 
•enble, ud aompoae de telle forme et de UUe laaliere (a) Bien 
d'uDiTeraal d' a une existence isolee dee etrea parliculien Bien de 
qui a'applique a loos lea atr«s D'cat substance, et il n, yu, aucune aub- 
ManM compoWB de aubstuice." (b) The latter claoae in the Beatenra 
is to diaaTow the notion that matter aa an univeraal was compoaed 
of ttnuMtmblj of all individual aubsiatenta. 

Idem. P. 81. (a) Metaphysics VII., 10. (Ariatotle.) 

(A) VII'IS, Trad, de MH. Plernin et Zerort. 

t Aristotle had previouel; eetabliahed that Matter (distinftuiabed 
from such or euch matter) was an univeraal, and adds that, being an 
uniTeraal, Matter »aa not a aubatsnce. He had thus expressed him- 
self; " I/indertiiuine, e'eat I'etre en puissance et non en act. II eat 
evident que la definition eat I'expresaion de I'eascace, et que I'esaence 
ne ae trouve que dana les substances, oa du mojns qu' «lle ee troure 
surtout, et avant tout, abaolulement enfin ilana lea substance. 

(a) Philo. Scholaa. T. 1, P. 82. Arislotle Metaphysics VII., 4. 

(i) Ibid., IV. 4. 

30 
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tlirongli the universal ; but when he sought beyond 
the individual for the universal, which is the foun- 
dation of all deRnitioD, he could find it nowhere but in 
the human understanding." 

Upon these distinctions arose the conflicting doc- 
trines of the Realists and of the Xominalists. The one 
holding that the quiddity or the abstract nature of 
the substance existed really only in the Form ; i. e., in 
the idea or thought of the Creative Spirit. The other, 
that the substances — t. e,, the combination of the form 
with matter — was the only quiddity ; the individual 
thing was the only reality, all else existing only 
potentially. These different views have descended to 
our times, and have given rise to endleaa discussion 
among metaphysicians. 

The philosophy of the Middle Ages, the learning, 
thought and writings of Gerbert, of John Scott Eri- 
gena, of Boscelin, of Abelaid, of Duds Scotiis, and 
largely even of Albertus Magnus, were little else than 
the discussions from varied points of view of these 
theories and of the nature of the Universal in regard 
to the tliree questions of Porphyry. 

Albertus Magnus states that the nature of the Uni- 
versals might be considered in three ways: First, 
"UniTersale ante rem" is single and unchangeable, 
the nature, which was the name and cause of exis- 
tence ; second, " Universale post rem," as existing in 
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tlie liuman intellect ; third, " Universale in re," liav- 
ing this or that as its subject ; in other words, the 
au&ttonce.* Having thus defined what the subetance 
was in reality, they left it without further study. 
Such postulates constituted the "physics" of the 
Scholastics, but to us are metaphysics only. 

The down&ll of Scholasticism came with the intro- 
duction of printing ; but many of the doctrines of its 
philosophy long survived it To study tli« nature 
of material things by actual handling and experi- 
mental investigation was considered unworthy and 

' II 7 B tn>ii msniera de ooniiderer I'luiiverael: (premieranieiit il 
eit prii an lui-Toeme c'eat-a-dira oomiae etaat cette naluni aimple 
at inTuiabla qui doDiie U rsuon et la nam de I'etra: (OniTenal 
Mile rem); SeDondmeat, oomme stent duii rintellect: (Cniversile 
poft rem :) troiuenunt comma ajant pour Bujet, ced ou cela (Uni- 
Tanale in re.) Histoire de In philo.; Schol>a.,T. 2, F. 232. 

Rsureau Btatas.' "The iDcienta recDgDJied three biadi of rorma: 
Ist, the forms which are htfon the things, and which are the modeli 
of all exiling things; 2d, the forms which are t'n the thinga, and 
which communicate to them that which is their manaer of beiDg — 
' uniTenellea ' ia the sense that they belong to man; ; 'indiTiduellea' 
in the sense that they particularize themselves in the bosom of 
things of limited number; 3d, the forma that are after things: that 
Is, the'forms which transmitted to hamsD iDtelligence by tbe dirine, 
or which recurred without the coDcurrence of the divine, hold their 
oni versa lity from one or by the other. 

The first of these fonps are the principles of things. The second 
are tbe eaeeniaa of things. The third are the marks of things. Ibid, 
T. 2, P. 233. 

Albertus,! though an Aristotelian, woa eclectic in his treatment 
of tbe realistic and norainalistio views. The reader is referred to an 
exhaustive discussioD thereon. See Albert Le Grand, T. 2, P. 115- 
!0T. Haureau, 8cho. Philo. 

t De proedicabilibua. Tract 11, e. Ill 
3" 
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degrading. The oonvictton that whatever wax existed 
in its essence in the tmiu2 had the corresponding 
belief that what existed iu thought must have reality; 
and an a-priori conviction, therefore, had a better 
foundation than an empirical demonstration ; for the 
former, if logically deduced from accepted premises, 
must be-correct; whilst appearances were deceitful and 
experieace known to be full of error. 

It was not until the advanced days of Scholasti- 
cism that a Franciscan monk, Roger Bacon, astoii- 
ished, and for the most part di^usted, the learned 
world by his heterodox teaching, that any effort- really 
to advance scientific knowledge was made in the 
schools. "About 1248, Bacon, having left Oxford, 
came to Paris to finish his studies and to be exam- 
ined for his doctorate. The University of Paris 
then had a crowd of highly applauded masters, well 
worthy of their great renown, but Bacon was not sat- 
isfied with any of them. They did not know, he 
said, the elements, nor even tlie object, of true science. 
These false savants were skillful in composing and 
distributing a lot of chimerical beings, but had never 
taken care to observe any real being. They made a 
profession of teaching physics, but one and the oUier, 
whatever might be their sect, deceived tlie people 
with the same effrontery : all teaching under the 
name of physics, only a frivolous metaphysics." 



i,z<.:t, Google 



THE PATH OF EVOLUTION 

Aft«r finisliing liis studies in Ftuis, Rt^r Bacon 
returned to Oxford in 1250, where he was received 
with great appl&use. But Bacon was born, unfortu- 
oalely for him, with a mind and ideas more than 
three o^turies in advance of those who were in power 
over him. About seven years later, as the natural 
result of his teaching doctrines differing so widely 
from those commonly held at his time, his lectures, 
wha«in he urged experimental investigation, were 
interdicted, and he was ordered to Paris, where he 
was kept for ten years, virtually in prison uid pro- 
hibited from lecturing or writing for publication. 
The appointment of Pope Clement IV., who had 
known Bacon, and the order from him to write and 
forward him a treatise on the sciences, soon after 
gave Bacon his liberty. In a work he wrote in 1270 
BaooD made a virulent attack upon the ignorance and 
vices of the monks and clergy. Such censures were 
then considered blasphemies, for which he was pun- 
ished by fourteen years' actual imprisonment and his 
l>ook8 condemned. When set free in 1292 (by the 
death of Nicholas IV.) he was nearly an octr^ena- 
rian, and could no longer inspire fear. Even the 
date of his death is unknown. For more tlian two 
centuries longer, scholasticism slept in peace. 

When we consider the number of men, learned in 
letters, and having all the means time and opportu- 
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nity in their monastic retreats during nearly a thoa- 
Bftnd years for tbe true etudy of nature and of the 
works of God, it seems almost incomprehensible that 
absolutely nothing was done by them. Tbe thoughts 
of the wisest men were paralyzed by the conviction 
that when God said, " Let us make man in our image 
and likeuess/' * the mind of man was the subject 
of tbe likeness, even more eo than the body ; there- 
fore, \a study the intellect and its faculties was to 
learn to know the Creative Reason, the Intellectus 
Agens, of Aristotle : truly, if knowable, Uie noblest 
study for mankind 1 But the lapse of 2300 years 
from the days of early Greece had taught men nothing ! 
To such minds Matter, as presented to the senses, 
offered only that which was base and d^rading. 
With most men still lingered vestiges of the Gnostic 
belief that, for its bare existence even, a Demiurgos 
was needed, since it was insulting to the Absolute, 
Ae Unconditioned Being to imagine Him to come 
into contact with the material of this impure earth, 
even by creating it. 

If the thought which men have spent upon the ul- 
timate nature of the universals and of their relation to 
the Absolute had been devoted to observing the tan- 
gible world around them ; if they had studied the 

* " Faciemoa hominam ad imBgioetn et Bimilitudinem noBtnuD." 
Tulgate. Oen. 1,27. 
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visible works of God and the laws that govern their 
actioD, instead of the fond conceits of their own 
minds as to the ultiniate nature of the Unknowable, 
in how different a world we might now be living I 
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CHAPTER III 

BELIEF IN ASTBOLOGY AND ALCBBHY — THEIR 
INDIBECT BBNBPIT TO MANKIND — THE BELIEF 
IN WITCHCBAPT. 

' "Dn wint aurdie Stomen-stuade warton 
Bis dir die irdiache enUiebtl glaub mir 
In deiner Brust aiDd ddner Bcbickaals Slerne. 
Vertranen za dir aelbM. EntsohloBaenbeit 
Iitdeioe VenuBl Der MaleGcua, 
Der eJDzige der dir Schadet, iatder ZweifeL"* 

It has often happened in the individual experiences 
of men that their mistakes, their failures, and sometimes 
even their superstitious follies, have led to success in 
the purposes they had in view, when their wisest 
thoughts, best laid plans and well oonstructed efforts 
had proved vain and abortive. The history of the 
Middle Ages shows the same results to have attended 
the growth of knowledge and the progress of science. 
All that pliiloeophy could teach and academical learn- 
ing show, after hundreds of years devoted to their 
study, was emptiness and- vanity. We now know 
■ Schiller : Dia Piccolnratnl 2-Auliug. C-Aiiftritt. 
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that the t«acherB of true knowledge bad oAen been 
the covetous, tlie credulous and the charlatan. 

Two peeudo stnencea, astrology and alchemy, born 
in delusions, nourished and raised chiefly by fraud 
and superstition, have each given birth in their old 
age to offspring respectively the wonder and the 
pride of mankind \ The elder, astrotc^y, bora on 
the plains of Cbaldea more than 10,000 years ago, 
was' at an early date the parent of the worship of the 
planets, of which the sun was considered as being 
one, and whose worship continues in some lands to 
the present day, Astrolt^y was looked upon as the 
arbiter, disposer and revealer of man's destiny, and 
was accepted as such by many of the greatest minds 
as late as the seventeenth century. It was believed 
in by Albertus Magnus, Thomas Aquinas, Cliarles 
the Fifth, Tycho-Brahe and Kepler. It was the 
daily guide of Wallenstein ; even Napoleon had faith 
in the stars. At last, in the seventeenth oentury, 
when finally forsaken by nearly all, it left a daughter — 
Astronomy — crowned with honor and glory, placed 
at the summit of human achievement. 

Aloliemy, the younger psendo science, had a more 
honorable origin. Bom, as its name may seem to 
indicate (AUKhemi), in Egypt ; claiming its birth 
from Trismegislus and the Hermetic books, and com- 
ing from Arabia to Europe, the knowledge that it 
38 



DoiizccbvGoogle 



ALCHEMY 

brought was real, embracing all that time and 
experience had given it in the past centuries. Man/ 
of the Arts among the Orientals had reached an 
advanced state. Their phyucians were learned — had 
much sui^cal knowledge and an extensive materia 
medica: The armorer's metal work, enamels, and 
jewelry showed skilful and practiced artisans. Han- 
dling thus metals, their alloys and other minerals, 
their labors soon led them to the adoption of the 
Scholastic or Aristotelian theories of Matter and 
Form ; that is, that the MoHxr of all the metals and 
of all things being one and the same, it followed that 
one metal could be changed into another one if the 
suitable means of varying the Farm was discovered. 
The resemblance that many of the sulphides of the 
metals bore to the metals themselves led to the belief 
that all the metals proper were compounds of sul- 
phur and mercury ; the latter, being the most vola- 
tile, silverlike, and the only metal liquid at ordinary 
temperature, appeared naturally to be the proper 
vehicle for the formation of gold and silver — the 
noblest of metals — if only perfect sulphur and per- 
fect mercury could be found. If the conversion of 
one metal might thus be accomplished, the conversion 
of other things would doubtless soon follow. 

The pursuit of the object thus sought for, was 
called the search for the Philosopher's Stone, The 
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reasoning that caused the qaest was logical and the 
desired conclusion most probable, if only the prem- 
ises assumed were correct. Unfortunately they were 
not so ; but, like the mirage in the desert, the hoped 
for result seemed ever near, but was never reached. 
It was believed that an agent, if ever found, thus 
powerful over the refractory metals, must likewise be 
so over the human body. Ita zealous pursuers mis- 
understood or took in a literal sense, the enigmatical 
phrases and recipes of tlie masters of the art ; thus 
the Philosopher's Stone or "Powder of Projection," 
as it was often called, became also the Elixir of life 
to be sought for as the cure for all the ills that af- 
fected the body, and the prolonger indefinitely of 
human existence. 

Introduced into Constantinople as early as the 
fourth century. Alchemy was practiced there exten- 
sively. After the establishment of Mohammedanism 
it was carried by the Arab, Geber, to a high d^ree 
of perfection. Offering to ita adherents the greatest 
prizes this world could give, and quite consistent in 
its theories and principles with the knowledge of the 
time, it drew to itself men of all degrees, from the 
college, the cloister and the throne. Beside the 
Arabs — Geber, Avioennes, Averrhoes — tlie Christians, 
Roger Baoon, Albertus Magnus, Kaymond LuUy, 
Paracelsus— and even Henry VI. of England, were 
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among its disciples. Rudolph II., Emperor of Ger- 
many, devoted much of his time to its practice, and 
employed the celebrated Tyclio-Brahe in this labor 
and in astrological work. Lord Bacon, Spinoza, 
Leibnitz aiid Sir Isaac Newton all believed in the 
transmntation of metals through the Philosopher's 
Stone. The minds of all men were so imbued with 
the conviction tliat a-priori reasoning was the only 
gateway to knowledge that the valuable results of 
experiment were to a great extent lost. The concep- 
tion that the Platonic, idealistic doctrine of the Form- 
ative Spirit alone lent to matter its tangible exis- 
tence gave birth to an endless number of imaginary 
aerial beings that exercised a controlling influence - 
over all their work. Every metal stood under die 
mysterious influence of one of the planets. It be- 
came therefore necessary in their researches that the 
astronomical, or rather the astrological, state of the 
heavens should be observed, as it would be an all* 
important factor in the hoped for result. Each 
planet and each metal held control over certain por- 
tions of the human body. The almanacs for the 
people long held, and a few still hold, a chart in 
which the human body is apportioned among the rul- 
ing planets and the signs of the zodiac. This rela- 
tion between them and the nature of man must also 
enter into consideration, since the planets or certain 
4> 
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stars bad dominion ov» health, fortane, riches, birth, 
life, death, etc, as the stars might eoter, or rule over, 
one or the other of the twelve houses iuto wbicii the 
heavens were divided. 

The iooidental benefits which these labors, vain in 
tbeir original purpose, gave to the world, and the 
discoveries made thereby have been of incalculable 
value. Almost all that was known in chemistry, in 
medicine and metallut^y, as late as the middle of the 
eighte^th century, has been \\& l^acy. But the iacts 
collected were necessarily disconnected, of conflicting 
and uncertain value ; a heterogeneous mass of redpes, 
products and compounds, into which little or no 
attempt had been made to introduce systematic clasu- 
fication or scientific order. 

Another cause, more potent still, held back with 
iron band the advance of science; this was the belief 
of the church and of the people in witchcraft and in the 
demonic powers that Alchemy could invoke. From 
what has been said of the Platonic theories of the 
constitution of the substance — i. e., the union of the 
inform Matter without body, sha^te or substance, with 
the creative spi rit or the essence of the Form— It is evi- 
dent that the mhOance, with its accident or peculiar 
qiialities,dependeduponthesaidForm,es8enoeor spirit. 
The Church asserted that this spirit was the Divine 
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creative Spirit ; and, having thus said, to question 
further was unwise, if not impioua. 

The students of Alchemy were not always so very 
docile. Without discussing the abstract nature of 
the Divine Spirit, many believed that other spirits 
existed, and that each controlled certain of the foar 
elements: the air, fire, water and the earth, of which 
all things were made. Most of these elementary 
Spirits were tliotight to be native in their oharact^, 
neither good nor evil. Others, though, were unques- 
tionably evil, but could be induced to render aid to 
one person in order to injure another, or give a 
present and immediate help, to be paid for in a distant 
future. Many formula for incantation and conjura- 
tion existed in books of Magic, and were taught by 
the professors of the art as being an indispensable 
aid. The Church did not question the verityof these 
Spiritual Existences as much even as did many of the 
Alchemists, but viewed them all as beings from Hell, 
and that they were Devils, or the children of the Devil. 

It was natural, therefore, that the Church should 
look with disfavor upon the practice of the art ; but 
many men of high positions within its fold, as we 
have seen, were active therein, and the temporal 
fortune of the Church might even itself profit through 
the Philosopher's Stone, Its study and practice 
therefore, were not exactly prohibited, yet the fol- 



DoiizccbvGoogle 



THE PATH OF EVOLUTION 

lowers of the Black Art, as it was called, were cloeely 
watched and quiclfly called to account and punished 
for any infraction of d(^ma or of discipline that arose 
therefrom. So long as men confined themselves to 
the legitimate work of their laboratories — the quest 
for the power of transmutation— they were not dis- 
turbed; but if they sought beyond or attempted to 
question the truth of the teaching of the orthodox 
Natura Naturata, the fate of Roger Bacon and of 
Galileo, if not that of Giordano Bruno, awaited them. 

The general belief in the agency and power of 
these master and ministering spirits of the unseea 
world led to the dread delusion of Witchcraft, whose 
horrors spread over Europe the more widely as the 
practice of Alchemy became more general, and with it 
died as the world grew wiser. The history of its 
cruel persecution, of the innocent lives tliat. passed 
away in a fiery deatli, and of the fearful superstition, 
common alike to the magistrates, to the priests of 
the Roman and to the ministers of the Reformed 
Churches, lie, fortunately for us, outside of our prov- 
ince, and needs not to be further here discussed. 

To recapitulate: thus far as we have seen, the learn- 
ing of the world, apart from theol<^y and dialectics, 
principally consisted in studying, contrasting, or en- 
deavoring to reconcile the more or less contradictory 
views of Plato and Aristotle. The so-called Physics 
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of the latter were assumed to be true. The Ptolemaio 
system of the universe, in which the Earth waa the 
centre around which all the planets and the stars 
revolved, was apparently the natural and proper 
place for God to become incarnate. It became iden- 
tified with the true Catholic Faith, which none were 
allowed to question. The doctrine that man was 
created pure, innocent and wise; that he had since 
become degraded, and that to turn to the learning of 
the past was to draw from the fountain of pure wis- 
dom was not only the teaching of the Church, but the 
inborn conviction of nearly all men. Holding to 
these opinions the world could not advance. A new 
revelation was needed, and it was soon to open. 
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CHAPTER rV 

THE PUBLICATION OF THE TBCE PLANBTABY SYS- 
TEM BY COPERNICDS — IT ESCAPES FOR FIFTY 
TEABS THE MOTICE OP THE CHDBCH, 



Nicholas Copebnicto was bora Feb. 19, 1473, 
at Thorn, m Prussian Poland. Died May 24, 1543. 
His father, who died young, bore the same OhristJan 
name. His mother was Barbara Watzelrod, sister 
of the Bishop of Warnio, or Emerland, in Poland, 
who educated him. At the age of 18 he was sent to 
the University of Cracow, where he studied I^tin, 
Greek, and particularly Mathematics. Two years 
later he returned to Thorn with the intention of tak- 
ing orders, but in 1496 he repaired to Padna, where, 
in its University and in that of Bologna, he acliieved 
so great a reputation that he was called to Rome, 

• Prom the monument to him in th« church at Cracow. Tniit- 
lated from tha Poliih. Larousoe. 
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when 27 years old, to the professorship of mathematics. 
After a short time speut in Thorn he returned to Italy, 
but ID 1603 lefl for Cracow, where he was made a 
priest. He settled fioally in ISlOatFraueobei^on the 
shores of the Baltic Here he built an observatory 
and perfected his astronomical labors. Copernicus had 
studied all the works on astronomy that had come 
down from antiquity. He was probably acquainted 
with those of Nicholas of Cusa, who had preceded 
him in his theory nearly two generations. Cosa's 
works were published in Paris in 1514. Copernicus 
saw that the system described by Apollonius of Pei^ 
— the author of Epicycles — that placed the snn in 
the centre of the planets' orbits, bnt caused it to 
move like the moon around the earth (the system 
afterwards adopted by Tycho-Brahe), was much 
simpler than the Ptolemaic, and explained better the 
movement of Venus and Mars; but it did not satisfy 
his own required conditions for the earth. He com- 
pleted his new Astronomy about 1612, but from diffi- 
dence and distrust of himself, as well as from the fear 
of ridicule, it was not published to the world until 
1643, at Nuremberg, when he was 70 years of age. 
Tliis fear of ridicule was well founded, for there is 
nothing so sure of itself or so intolerant as ignoiaace. 
As early as 1630, the report of his novel views had 
spread isx and wide among the astronomers; hut he 
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Btill withheld his publications — varying and repeating 
his observations and testing bis new theories by calcu- 
lating their adaptation to explain the most difficult 
and complicated problems, such as the apparently 
retrograde motions of the planets, the procession of 
the equinoxes, etc Finally, in 1643, his book ap- 
peared, " De Orbium Celeetitun Revolntionibus," in 
which tlie sun is placed at the centre of the Rystem. 
Around it the planets revolved in their orbits, which 
he thought were perfect circles, of which planets the 
earth was one. It revolved on its axis, and around 
it its satellite, the moon. He dedicated liis book to the 
Pope, Paul III., saying: "In order tliatthey may not 
accuse me of fleeing from the judgment of enlight- 
ened people, and in order that the authority of your 
Holiness, if you approve this work, may preserve 
me from the virulence of calumny." 

The first copy of his work was brought to him 
only when on his deathbed. He touched it, saw it, but 
his mind was tliea nearly gone. In a few hours he 
was dead. 

The system of Copernicus was eagerly adopted by 
some of the most illustrious savants, but decried by 
many others. He could ofier no other proofs of its 
truth than its simplicity, in opfxtsition to the com- 
plexity of the Ptolemaic system, Sinoehis day many 
proofs aie present to us that did not exist in his time. 



DoiizccbvGoogle 



COPERNICUS 

The telescope had not then been invented. The first 
direct proof of his theory was given when Galileo 
saw the disk of 'Venue, could distinguish the phases 
of Venus and of Mars, and determine the variation 
of their apparent diameters as they changed their 
position in their orbits. 

Copernicus, though founding a system of Astronomy 
in direct opposition to that taught by the philosophy 
of the Catholic &ith, was opposed to tlie Reformation 
that Luther was effecting in Germany. It is possible 
that the fact of his non-participation in the religious 
movement against the Church may have permitted 
bim to carry out his labors in peace and quiet to 
their completion, for the novelty of his theories had 
attracted much attention long before their open pul>- 
lication. His work, being addressed to astronomers 
only, devoid of all reflection upon tlie influence that it 
might exert over the dogmatic teachings of the Church, 
published at the expense of a Cardinal and dedicated 
to the Pope, escaped for a long time the " Index Ez- 
purgatorus." The Theories of Kepler, contradicted or 
confirmed as they individually might be through his 
persevering observations and calculations, resulted 
finally, in tlie establishment of his three well-kuown 
laws and their publications in 1608 and 1618, thus 
perfecting and confirming the Copemican system of 
Astronomy. 
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Bj' this time the Cborcfa bad awakened to its »- 
IH'iianne, awl probilnted its teadrii^ and tfaat of 
Kqilcr. 
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CHAPTER V 

GIORDANO BBUNO ADVOCATES THE COPEBmCAN 
ASTBOKOUY AND THE PLUBALITV OF WOBLDS 
— ABRE8TED BY THE HOLY INQUISITION — IM- 
PBISONED FOB SEVEN YEABS, THEN BDBNED 
ALIVE — BIS VIEWS AND D0CTBINE8. 

The promoters and advocates of the true study of 
nature and of the advance of knowledge had kept 
thus far strictly within the lines of religious dc^ma 
as accepted substantially both by the Church of 
Rome and by the Protestants. About the middle 
ol the sixteenth century a man was born who attacked 
the foundation of orthodox belief, as-well as those of 
the philosophy and physics on which both divisions 
of Faith rested. His teachings, though influencing 
and forming to a great d^ree the doctrines of Des- 
cartes, Spinoza and the other master minds of the 
seventeenth century, had remained but little known 
to the laity and the generality of readers until the 
latter half of this centuiy, when the wider progress of 
Bcienoe has brought his name prominently before the 
Vorld, One of tlie great philosophers of the sixteenth 
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century, if oot the greatest — GiobdakO BbUKO — 
was bora at Nola, near Naples, Italy, in 1548. As 
Huss was a Martyr to the Reformation, though pre- 
ceding it, BO Srano was a still greater Martyr in ad- 
vance of the Revolution in Philosophy ; a greater 
Martyr, for he was unrecognized and misunderstood 
by all. None gave him honor in life, and he ended 
it as HusB did, and at least as oourageously, in flames 
on the scaffold. 

Little is known of the parentage and early days 
of Bruno. The exact date of his birth is unknown. 
He first appears when entering the order of the 
Dominicans at Naples in his 15th year. His educa- 
tion had been well cared for. To the mathematical 
and philosophical sciences of the day he added the 
studies of letters and theolt^, showing from his 
yonth a happy memory, a facile conception and an 
ardent, enthusiastic spirit. The desire to increase the 
light given him was the cause of his entering the 
order, but the corrupt morals of his companions of 
the Cloister, and the diiHculties beyond number that • 
the df^mas of the Koman Church presented to 
his mind, soon disgusted him with his new condition. 
He abandoned his convent and his country and with- 
drew to Geneva about 1580. There be studied Cftl- 
vinism, but, dissatisfied therewith, left Geneva after 
two years, pasdng by the way of Lyons and Toulouse 
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to Paris, taking with him the proofs in prioting of 
several works which he published there. Since his 
religious views did not permit him to speak from any 
pulpit, he had himself made "Professeur Extraordin- 
aire" of Philosophy, He attacked violently the 
doctrines of Aristotle accepted then by most men. 
His own metaphysical doctrines were founded on the 
Platonic Philosophy, and leaned, as the latter did, 
towards Pantheism. 

The disagreeable treatment tliat his opinions drew 
upon him caused him to pass over \a England about 
1583. He was kindly received by Queen Elizabeth, 
to whom he dedicated poems iu which he compared 
her to Diana, and found unit«d in her the beauty of 
Cleopatra and the genius of Semiramis. These praises 
of a heretic Queen were among the crimes he was 
charged with before the Inquisition. Sir Philip 
Sydney also befriended him, as many others -did at 
Court. In London he published his famous book 
" Spaccio Delia Bestia Trionfanti " (Expulsion of the 
Triumphant Beast), and several other books of the 
same nature. Among them was the "Cena delle 
Ceneri" (The Supper of Ash Wednesday), devoted to 
the exposition of the Copemican theory. Id the 
same year (1584) appeared his two great metaphysical 
works, " Delia Causa — Principio ed Uno " and " Del 
Infinite Universo e Mundi." In 1585 he returned 
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to Paris for three months. In 1686 he went to Wit- 
tenberg, where he taught Philosophy until 1688. He 
then spent a short time successively in Prague, Bruns- 
wick, Helmstadt, and in 1690 was in Frankfort-on- 
tlie-Main. In 1591 theimprudeotdesireto revisithis 
native land led him at first to Switzerland and then in 
1592 to Venice. After residing there seven or eight- 
months he was denounced as a heretic by Zuane 
Mocenigo, who had invited Bruno there to instruct 
bim, and was delivered by biro into the hands of Uie 
Inquisition. He was arrested and shut up in the 
prisons of tlie Inquisition. Tbenoe he was trana- 
ferred, Februarj' 27, 1693, to Rome, where be lan- 
guished for seven years in its dungeons. This 
detention is represented to us as a mercy that was 
extended to him to permit time for a retraction of 
his errors! Finally, on February 9, 1600, bis sen- 
tence of death was read to him. He was convicted 
of being an apostate, a heretic, and one faithless to 
the vows of his orders. He was d^raded and deliv- 
ered to the Secular Arm. On February 1 7th lie was 
conducted to the Campo di Fiori and burned alive at 
the stake. It is reported that when bis condemnation 
was read to him he said to his judges: "This sen- 
tence, pronounced in the name of a God of Mercy, 
may cause to you, perhaps, more fear than it does 
to me." 
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It was not eo much Uie heretical theistio doctrines 
of the unity of "All in One " that armed the fearful 
severity of tlie Inquisition against him, as it wafi the 
assertion that the Earth moved around the Sun — the 
same conviction that brought so much suffering to 
Galileo. Besides this, the open attack upon the 
Aristotelian Philosophy, the many expressions against 
the Monks and the prominent doctrines of the Church, 
added to the animosity of his judges. Bruno was 
urged to recant. Up to the last moment, it is said, 
he might have saved his life by a simple recantation. 
He disdained to do so, or to disown his convictions, 
and thrust the crucifix away when held before him 
as the emblem of repentance. 

Bruno had no sympathizers to support or strengthen 
him. " No saintly halo, no echo of future renown was 
there, no admiring disciple kept his teaching, to rise 
in the future like a phcenix from bis ashes. His 
contemporaries, almost without exception, called him 
a fanatic in life and in doctrine, thoughtless, unsteady, 
quarrelsome, rude to his opponents, headstrong, arro- 
gant, obscure, confused in his doctrines and inclined 
to dissipation. It is not to be believed that a man 
who was inspired so strongly by the ideal — more 
ardently even than any other living man — could be 
thus wrongly constituted in his life. They did not 
understand his doctrine. The wisest and most honest 
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of men are not wise and good enough to avoid deeetv- 
ing themselves as to the life and character of a man. 
The obscurity that surrounded his life's history does 
not permit his formal justification. In his doctrines 
at least Bruno was not unsettled, ohscure, confused or 
fonatic." * 

Bruno, however, had not escaped the delusions of 
his age. He was a firm believer in the fiintastic doc- 
trines of Baymond Lully, by whose combination of 
logic, numerals and symbols it was thought the truths 
of Philosophy could be demonstrated. Bruno shared 
this belief with many of the Schoolmen of his age. 
He used it mainly as a system of Mnemonics. It was 
to instruct in this so-called Science that the patrician, 
Mocenigo, lured him into Venice with the already 
formed intention, it is said, of betraying him to the 
Inquisition. 

The life and history of the career of the Cardinal, 
Nicholas of Cnsa, bom 1401, died 1464, had prob- 
ably much influence on the doctrines of Bruno. The 
former, bom of very humble origin, the son of a poor 
fisherman, rose to high dignity in the Church, and 
applied himself passionately to science. He adopted 
the Pyth^orean System of the solar planetary bodies 
nearly one hundred years before Copernicus. Ciisa 
proposed ma.ny doctrines at variance with the ortho- 
■J. Mefer. Grosaea Koni. L«i. 
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dox teacbiogs of the Cburcb. He believed id the 
possibility of a perfect peace between Philosophy 
and Keligion, and of a fusion of all religions into 
one — " Since they contained as their foundation the 
same truth, the same &ith, -the same God." His 
views, held modestly but firmly, seem to have given 
no offence. 

At the end of the 16th century Bruno found a 
different atmosphere around the Church. The re- 
action against the Reformation was at its height. The 
theories of Copernicus, of Keplar and of others 
alarmed the Church ; they threatened the stability of 
the foundation of all Christian teaching, and as Bruno 
had spread his learning and bis books over all Europe, 
Protestant and Catholic, so was his punishment to be 
sure and inevitable; a lesson to the world. It seems, 
though, that no presentiment of his &te was felt by 
him on entering Italy. He was so well convinced 
that his ideas of Philosophy and Religion were right, 
end that in the latter he was not heretical, that he 
felt no fear. When be had spent years in prison he 
was still unchanged, and was willing to die rather 
than be false to his convictions and recant, as Galileo 
did. The Metaphysics, Religion and Philosophy of 
Bruno may be told in bis own words : 

" It is recognized as an universal truth that every 
compound or thing divisible has for its foundation 
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somethiDg that iii not compounded and tbat is indi- 
visible. The understanding of Man has sbiven un- 
ceasingly to seek out this unity, and will never cease 
to seek and strive for it until he can find it in tlie 
nature of the substaace, or can at least present a clear 
conception thereof to his imagination. This Unity 
can only be in God ! Let all that have breath rise 
up to the praise of the Most High and Mighty One, 
who alone is the Good and the Truth : to the praise 
of the Infinite Being, who is the Cause and the 
Principle — Tlie One and the All. (3od is infinite in 
infinity : everywhere in all. Not above, but every- 
where present : as existence is not outside of the ex- 
istent, as the natural is not above or beyond nature, 
as Goodness is not other than the Good. God is the 
Single Being, with whom there is no combination ; 
with whom there can be no difference. Existence, 
power, action and will are, with Him, one. His will 
is necessary — necessity itself. He is like only unto 
Himself, and ever the same. Freedom and necessity 
are with Him one. What God makes he cannot 
make otherwise than as He makes it. He acts from 
necessity ; for the Infinite Power, if limited neither 
by itself nor through anything else, acts through the 
necesmty of its being. Therefore what Gpd creates 
must be without an end, for he works according to 
the necessity of His being. 
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"Tbe All is one and infinite. But if the Uni- 
verse is infinite, it is also not removable. It cannot 
cliaiige its place, for outside of it there is no place. 
It is not engendered, foi- all existence is its own 
existence. It cannot pass away, for there is nothing 
into which it could pass. It can neither increase nor 
decrease; for, being itself Infinite, in which no reU- 
tive proportions apply, still less can it be added to 
or taken from. It is subject to no change, neither 
from outward nor inward, for ovt of it nothing is, 
nor from wUhin, because it is all that is, and that can 
he, at once and at the same time. 

" We cannot elevate our minds to the conception 
of the Most High, the knowledge of whom lies be- 
yond the limits of the human understanding; but we 
can to that intelligence that forms the soul of the 
world, is capable of all, accomplishes all, is all, aud 
from the endless number of things therein, which is 
of it and in it, forms one being. To know this Unity 
is the object of the investigation of nature and of 
all Philosophy, 

"There exists, or may exist, an infinite number of 
worlds like unto ours, since space is infinite. Tliese 
worlds cannot interfere with each other, for in space 
the centre is everywhere. The universe has no form, 
for that which is infinite can have none. The Evil 
and the Good, the useful and the hurtful, the just 
59 
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aiid the unjust, are Dothing in themselves; they exist 
only by comparisoD ; in fact^ the infinite power of 
God would have no place if there Existed simul- 
taneously an infinite principle of Evil, The Atonos* 
are the foundation and basis of all things ; but they 
are put in motion by the spirit of Ciod — the soul of 
the world, t 

"The Sun — the Father of life — is the centre of our 
world, but the centre of tlie Universe is in all things 
. . . There are as many centres as there are worlds 
and stars, and these in number are infinite. Tlie 
Earth moves; it turns on its own axis and it moves 
around the sun . . . There are innumerable worlds 
like ours, throned and spaced amidst the Ether and 
pursuing a course in heaven like unto ours. The 
suns are inhabited as well as the surrounding earths. 
It is not reasonable to believe that any part of the 
Universe is without a soul, life, sensation and or- 
ganic structure ; and it is as foolish to believe that 
there are no beings, nor minds, nor possibilities of 
thought beyond the objects of our own senses . . . 
From this infinite all, full of beauty and splendor, 
from the vast worlds which circle above us to the 
sparkling dew of stars beyond, the conclusion is drawn 
that there are an infinity of creatures; a vast multi- 
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tude, which each tn its d^ree mirrors forth the 
splendor, wisdom and excellence of the DiviDe 
Being." * This is what the Church decries as Pan- 
theism ! 

■ Life of Bruno bj I. Frith, p. 43, ct mj. 
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CHAPTER VI 

EXTENSION OF THE BT1TDY OF PHILOeOPBY A MONO 
THE LAITV — THE LIFE AND WBITINOS OP DES- 
CARTES — 0PP08ITI0IT TO THE ARISTOTELIAIT 
DOGMAS ASD TO ALL ADTHORTTy THAT COULD 
CONTROL THOUGHT AND LBAHHINQ. 

During the greater part of the sixteenth centary 
the learning that before then had practicallj been 
confined to the tetigionB orders had l^ that time 
thoroughly [lenetrated the higher classes of the laity. 
Men of rank, of wealth and of leisure became also 
often men of learning. Belles-Lettres and poetry 
principally interested them; but an ever-increasing 
number devoted their time to the study of Philosophy 

Born under happier influences tlian the ill-fated 
Bruno, Renb Descartes, the son of a noble &mily, 
began his life in Touraine, France, March 31, 1596. 
Educated by the Jesuits, he early showed, thotigh 
delicate in health, a passionate love for study. On 
arriving at his philosophical course he soon found 
the emptiness of so-called science, as then taught; 
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but he waB strongly attracted by matheroatics, which 
he was destined to greatly improve. His biographer, 
Biut, states : 

"His first endeavor, on leaving school, was to 
erase from his understanding, as &r as possible, all 
that was uncertain in its nature, and thenceforward 
to admit only that which was capable of being proved 
by reason and demonstration. He thus invented 
that system of doubt and of examination which lias 
since been the first principle of all positive science. 
We do not now appreciate the value of such an 
effort; for we have grown up under its teaching, so 
that it seems reasonable and natural. But at the 
time of Descartes the Aristotelian Philosophy ruled 
despotically over all minds. It was considered in 
the Colleges the necessaiy support of all religion. 
To doubt Aristotle was not only a novelty, but a 
crime. What strength of mind must this young man 
of nineteen have possessed to have hoped to reform 
the judgment of all. It is not less astonishing tliat 
Descartes appears at that time to have already made 
his most brilliant mathematical discoveries. 

" He thought it was not yet the time to publish his 
new ideas. He determined to enter the Army, 
which would g^ve him the opportunity to travel and 
to see the world. He served as a Volunteer in the 
troops of Holland and of the Duke of Bavaria. 
63 
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He cootiniieil hts matbematicsl and metaphysical 
qtecolatioos dorii^ his cunp life for some years, 
aatil finally the levnses tiiat the army met with and 
that be witnessed in Uongaiy cansed him to reliu- 
qaish bis military podtioa. Aftn thb he traveled 
for some time io Fixoce, Holland, Switzerland, the 
Tyrol, Italy, Venice and Bonie. He never met 
Galileo, nor did he ever appreciate his great dis- 
coveries, showing that, admirable as Descartes ivas 
in Geometry, he was ignorant of the true prindples 
of that method of observation which alone could 
advance the knowledge of Physics. In 1629 he 
retired into Holland, believing tliat he would not be 
free in France to pursue his meditations. There he 
worked at Metaphysics, Anatomy, Chemistry and 
Astronomy. He composed a "Traite du Monde" aa 
he conceived it, but, hearing of the imprisonment of 
Galileo, he feared to publish it. Probably the dread 
of (lersecation was the cause of his adopting Tycho 
Brahe's system of Astronomy, according to which the 
sun and the planets moved around the Earth." 

At this date he had published no extended mathe- 
matical works. Yielding to the solicitations of his 
friends, he now gave to the world his " Traite de la 
Methode," in which his mathematical discoveries 
constituted one chapter only. He placed far higher 
value upon his metaphysical writings than U]>on his 
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matliemattcal. Posterity has not ratified his judg- 
ment in this respect. It is upon the latter that his 
fame now rests. To him is due the present system 
of notation by which the degree of involution of a 
number is represented by a smaller numeral placed 
above and to the right of the said number, thus 
making the former the exponent thereof, and dis- 
placing the various and cumberaome methods of ex- 
pression then in use. The method of expressing in 
Algebraic terms the properties of a curve is his 
discovery, by which its nature is defined by the 
relation existing between two variable lines — the 
ordinates and the abscissa. From the equation tfius 
obtained all the other geometric relations of the curve 
can be deduced. The inverse proceeding, by which, 
when having the algebraic formula' he could r^rd 
the abscissa as the roots of an equation, enabled him 
readily to solve problems in Cieometry that had 
arrested all antiquity. Among his other discoveries 
was the rule he has given by which to reG<^nize the 
number of real roots which an equation may only 
have, from the alternatives of the signs that have 
among them the terms which compose it. These 
treatises on Geometry assure to Descartes an immortal 
renown. Having rendered him this just homage, 
we may venture to speak with equal truth in regard 
to his other writings. The knowledge of the laws of 
S «5 
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optics was then too limited to permit hia studies 
therein to be of mach value now. He added to 
what was theu known, hb dbcoveries as to the true 
laws of refraction. He pointed out the &ct that the 
only rays that enter the eye of an observer from the 
rainbow are those which, penetrating the raindrop 
under a certain angle, are so reflected wiUiin it as to 
become visible to the spectator. His "Theory of 
Vortices," published in 1644 in the Philosopbia 
Principia, attracted the attention of the world. 
According to it the sun and each of the fixed stars are 
the centre of a whirlwind (Tourbillon) or Vortex of 
finely divided matter, which causes the circulation of 
matter still more subtile around these centres. In 
the seventeenth century it wa% wise to preserve the 
orthodox immobility of the earth, in order to avoid 
persecution ; therefore the vortex embraced the sun, 
and the planets circulated around our earth. The 
subtile matter of this first vortex constituted Des- 
cartes' frA dement. He imagined a second element 
like the first, but in which the molecules were round ; 
finally, a third element, formed of molecules furrowed 
with canals, through which molecules of the other 
two elements could circulate in all directions! If 
Descartes in his theory of vortices had had the key to 
tlie system of the world, he would not have &i1ed to 
prove it by calculations, as Newton did with bis 
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tlieory of gravita^on ; but he was contented to rest 
satisfied with vain conjectures, Jt 19 often sfud that 
Descartes had created Newton. So &r as Geometry 
is concerned, it is undoabtedly true; but if experi- 
mental philosophy is spoken of, it is absolutely fiilse. 
In Descartes' celebrated "Discours sur la methods 
pour bien conduire sa raison et cherclier la verite 
dans la science," and in the "Meditations touchant 
la premiere philosophic ou I'on demontre I'ezistence 
de Dieu et I'immortalite de I'ame," he started with 
the fundamental maxim : " In order to attain to the 
truth, one must strip oneself of all tlie opinions that 
one has received, and reconstruct anew the founda- 
tions of the whole system of one's knowledge." 
Obedient thereto, he stripped himself of belief in the 
testimony of the senses, the esbtence of the body, 
of himself, and even of Grod, and reduced bis sci- 
ence to tlie single fact, the single proposition, the 
only evidence for him: "Cogifo ei^ sura" (I think, 
therefore I am). From tJie certitude to him of the 
mind, or of thought, Descartes passed suddenly to 
the certitude of the existence of God, by means of 
the axiom in Logic, which he transformed into a 
metaphysical principle : " The mind can affirm of a 
thing all that is contmned in the idea of a thing." 
This certitude became for him the base and the ^ar- 
«7 
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antee of the hunum reasoa in sU the acts whidi fona 
the sp«nal domain of hnnian intelligenoe. 

Descartes arrives thus at the proof of the existeoce 
of God : " We find that all onr ideas qf limits, of 
sorrows and of weaknesses, presappoee an infinite, 
perlect and ever-blesaed something, beyond and in- 
cluding them; that all onr ideas oouveige to one cen- 
tral idea, in which tiiey find their explanation. The 
formal fact of thinking is what constitute our being ; 
but this thought of which we are certain leads us 
back to the necessary pre-supposition on which oar 
ideas depend — the ultimate totality, in which they 
are all reconciled; the pertnanent cause on whidi 
they and we, as conscious beings, depend. We have, 
therefore, the idea of an infinite, perfect and all- 
powerful being, which cannot he the creation of our- 
selves, and must be given by some being who really 
possesses all that we in idea attribute to him." Such 
a being he identified with God. But thus far Des- 
cartes was confined within the sphere of his own ideas. 
From this embarrassment he escaped by invoking 
the veracity of God, He invoked it as the support 
of the testimony of the senses, which no longer ap- 
peared to him doubtful. "Now that I know myself" 
he says, "and that I know God, I have not the same 
reason to doubt. All that nature teaches (and by 
nature I mean God, or the order and dispositiou that 
68 
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God has placed id the things created) containa some 
Truth. I recc^Dize in myself various faculties of 
thinkisg : that of conceiving (which belongs only to 
my mind) ; that of feeling, and that of ima^aiug, 
which is only the application of the fiiculty that con- 
ceives to the body that is present, and consequently 
that exists. Material things, then, do exist, and the 
impressions received by the senses and transmitted to 
the soal, which examines and judges them, are not 
, pure illusions." Thus he reconstructed the eudre 
edifice of human cognizance, after having destroyed 
it to its very base. 

The influence that Descartes* writings ezerdsed 
over Europe was widespread; it was rapid and 
almost universal and greatest among the most cul- 
tivated and liberal-minded. Bossuet, Feuelon, Mate- 
brancfae, the writers who constituted the celebrated 
School of Fort-Boyal, the leading members of the 
" Oratoire," adopt«d Cartesianism. Pascal borrowed 
from it the spirit of discussion which we admire in 
the "Provindal Letters." The Jesuits gave their 
adherence later. The University surrendered only 
in part and at the htst extremity. 

The great sensation which Descartes caused in all 
minds could not fail to arm against him the jealousy, 
ignorance and superstition of many men. They de- 
cried a man who attempted to demonstrate the exist- 
69 
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ence of God, the immateriality of the soul, die origia 
and certitude of our knowledge, otherwise than had 
been done before him ; who worked on a mechanical 
aod general explication of the phenomena of nature. 
A man, finally, who attacked boldly the Scholastic 
Philosophy, would naturally alarm those who lived 
in estate or reputation by teaching all that he over- 
turaed. The Koman Catholics took no active part 
against him, though a decree of the congre^tion of ' 
Cardinals in Rome, in 1643, forbade the faithful to 
read or to possess cither these or any other books of 
the French Philosophers. In Holland, though he 
had many advisers and warm friends, there were 
many hostile to him. Among the professors of 
Theology in the Reformed Chnrches he had vio- 
lent enemies. They accused him of impiety and 
atheism, and would have had liim expelled from the 
country, had he not applied to the Ambassador of 
France, who hastened to address himself to the 
Prince of Orange, and succeeded in quenching the 
disturbance. 

Descartes found that his metaphysical theories, to 
which he attached the greatest value, brought him 
incessant quarrels and troubles. He r^retted the 
loss of the {leace and quietness in which he had lived. 
The celebrity he had obtained brought him no 
equivalent therefor, and he wished he had never 
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published his views. lu this frame of miud, Chris- 
tiDe, Queen of Sweden, offered him a retreat by 
giving him a place in her Court. This he accepted. 
She was very kind to him, and the honor of being 
sought afler by a great Queen served to confound his 
persecutors. But the change in his mode of life and 
the early hours of rising, to which he was not accus- 
tomed, affected his health. Always very delicate, be 
was seized with an affection of the throat, and died 
February 11, 1650, aged fiifty-four years.* 

• J. B. Biot, et Feaillot Da Conehei, Biogrsphifl DniTemlle, ISiS. 
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CHAPTER VII 

THK WHTTEItS WHO WITH DESCARTES QATE BISK 
TO THE CARTESIAN PHILOSOPHY. 

A oheat and original thinker has always among 
the brightest of his disciples, some, who whilst accept- 
ing much of the oew doctrine, add to or modify it 
80 as to change even its most prominent features. 
In this manner at first Babuch (or Benedict) 
Spinoza (1632-1677), in one direction, and later 
Nicholas Malebranche (1638-1715) in the other, 
changed and yet confirmed in its essentials the teach- 
ing of Descartes, gi%'ing rise to what is now called 
Cartesianiem. Descartes' Metaphysics seemed often 
to hang over the edge of Pantheism, yet always drew 
back and avoided it. No doubt the fear of the results 
that might be expected at the hands of the tlieolo- 
gians kept him on the safer side. Spinoza had no 
such fear. A Hebrew by birth and education, he 
was bom with an investigating mind ; he took pleas- 
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ure in asking qneatioos that the most learned Rabbi 
could not answer. He b^an to study the Talmud 
and the Bible in solitude, and to meditate over 
their oontents. The comments that he made when 
converung with his friends drew the atteolion and 
the censures of the chief men of the synagogue, 
who required him to withdraw from dieir assembly. 
He then at first preferred the society and belief of 
Christians, but soon retired to his own meditations, 
to which the works of Descartes gave new occupation. 
As he advanced in Philosophy he gave up more and 
more the &ith of his Fathers, and forsook tiie 
Synagogue forever, abandoning even all interoonrse 
with the Jews. He supported himself by working 
on and grinding lenses, and lived in the most retired 
and abstemious manner. His health had always 
been delicate, and he was physically weak. He died 
very suddenly in bis 46tb year. 

According to tite doctrine of Spinoza, "The illn- 
sion of the finite, the illusions of sense, imagination 
and passion, which raise the individual's life, even the 
present moment of the individual life, with its pass- 
ing feelings, into the standard for measuring the uni- 
verse, is the source of all evil and error to men." 
" On the other band, his highest good is to view all 
things from their centre in God, and to be moved 
only by the passion for good in general — the intel- 
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lectual love of God.* The basis around which his 
conceptions all turn are the «*6gto»ioe with its attri- 
botes and modifications. By suhetanoe he under- 
ataods whatever is, is in itself, and can be appre- 
hended in itself; that is, whose apprehension does not 
require the comprehension of something else of which 
it must be formed. This corresponds to the axiom : 
"Eveiything that is, is cither in itself, or in another; 
that which cannot be comprehended through some- 
thing else must he apprehended iu itself" f With the 
idea of sutistauce is united the idea of the cause 
thereof. By the latter he understands that essential 
which includes existence in itself, or that, whose 
nature cannot be thought of otherwise than as exist- 
ing. The idea of substance is complemented by the 
characteristics of infinite existence, and of exclusive 
existence. For be asserts (first) the substance must 
be infinite ; (second) that there can he but one sub- 
stance. In regard to the first a Scholium says: 
" Since the finite is a partial negation, while the in- 
finite is an uuqualified affirmation of existence, it fol- 
lows from what has been shown that the substance, 

■Enc. Brik, 9th Edit Art. Cart«aiftDiam. 

t"Alles wai iat, ita entweder in nch oder io einem andem. Wu 
Dicht durch ein sndena begriffen warden knnn, muaa durch eich 
mlbit begriffen irerd«n." (J. Meyer, Emu, L«i'n, Bd. 39—8. 1104. 
SpinoES. 

74 



DoiizccbvGoogle 



SPINOZA 

comiug by its own esaence into ezistence, must be 
eternal." * 

From the last quoted sentence be derives directly 
his doctrine of Grod : " God is to him the absolute, 
infinite Being, or the substance consisting of infinite 
attributes, of which attributes eacb expresses eternal 
and infinite existence." To Spinoza, God is the think- 
ing and extended substance. In explanation, he 
says; " One must not think the epitheton of infinity 
(unendlich) is withdrawn, but the relation is as fol- 
lows: We dare not say that the extended substance is 
unworthy of the nature of God. Mobility and motion 
are ascribed to it. It is active, efficient, energetic, 
living, engaged incessantly iu producing and chang- 
ing. To the substance, so far as it has extension, is 
ascribed, not the quiet of death, but unconditional 
activity." Everything impressed Spinoza as exert- 
ing force, everything was animated. Compound sub- 
stance was r^arded as a dynamical whole. The 
doctrine that everything is animated and alive is 
essentially peculiar to Spinoza. 

From the second attribute of God — Thought — all 
is excluded that belongs to man's existence. Every 
trace of anthropomorphism vanishes utterly, God 

* Da das eadlich« ein Uteilweiee Negation, du Uueudliche dagegeu, 
eine unbediogte Affirmation der Ezielenoe i«t, bo fblgt echon aus dem 
Satie, daa der Bubatance ihren wesea nach, Exiitence lukomnt, dau 
lie unendlich w;. (Ibid.) 



DoiizccbvGoogle 



THE PATH OF EVOLUTION 

does not heed from us that we should ascribe to 
Him the properUes that belong to the utmost snperi- 
ority, even to the perlectiou, of the human nature. 
For- that reason viKdxTgUmdmg and vM are denied. 
ThoDgfat, as an attribute of God, does not include the 
piesentatioD of the idea in itself, but it designates 
only the possibility of briuging forth ideas. Thought, 
therefore, is as much as tlie capacity of tbiuking. 
Ideas beloug to God only so far as He is thought of 
. as theIntellectus(Uuder8tandiDg); butthelntellectus 
itself is subordinate to the absolute thought God is 
called the free cause (Causa Libera) ; but that means 
only that there is nothing beyond himself by which 
he can be compelled to action. Since he is the only 
substance, so he acts solely according to the laws of . 
his own nature. Free will or spoataneity in the 
ordinary meaning of the words (meaning a choice — a 
rejection of the one and the preference for another, 
or an absoluteness and sovereignty which from two 
contradictoiy and opposed things can bring forth the 
one equally as well as the other) is strongly denied. 

This action of the will is denied because it seems 
to be incompatible with the idea of the most perfect 
Being. "God acts from necessity or according to 
necessary laws. From the infinite nature of God 
follows all that is infinite in an endless manner and 
forever with like necessity; exactly as from the 
76 
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nature of a triangle it follows from Eternity, through 
Eternity, that its three angles will equal two right 
angles. 

"From like reasoning he rejects the theory of a 
purpose (Teleology), and that God works all things 
with reference to the good (sub ratione boni). That 
which is done is good, indeed absolutely good, because 
the nature of an all perfect Being brings this with it of 
itself, but not because this Being had either first made 
a resolution that it all must be good, or because the 
good presents itself to him as an ideal that he must 
follow." In a simihtr course of reasoning he with- 
draws the love of man from (}od, and the desire that 
man should love Him, Spinoza thus, after identify- 
ii^ God with, and as existing in, the nature of man 
and the material world, ultimately, through his rea- 
soning, withdraws nearly all attributes from him, 
BO that little more is left; than the vague, indistinct 
idea of an eternal, infinite, intelligent existence. 

Nicholas Malebranche (son of a Secretary of 
Lonis XIII. and treasurer of a large part of the royal 
revenues) was born 6th of August, 1638. A certain 
malformation from his birth that entailed continued 
ill-health obliged his parents to give him a domestic 
education until he was able to enter a course of Fhil- 
oBophy, from which he passed to the Sorbonne to 
pursue his theoI<^cal studies. His taste for tetire- 
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ment aod study led him to join the congr^;ation of 
the Oratoire, Occupying himself tliere for some 
time with ecclesiastical history, with Greek and He- 
brew literature, he met accidentally with the " Traite 
des Hommes " of Descartes. He was struck with the 
new views of science thus opened to him, and read it 
and the other works of Descartes with so much eager- 
ness, that he thought he would be able to reproduce 
them from his own mind if they should ever be lost. 

In 1674 he published his "Recherchedela Verite." 
The general aim of this work, as well as of others 
that he published later, was to show Ihe accord of the 
Philosophy of Descartes with Religion. Descartes 
had given a far more luminous explanation of the 
union of the mind and body than any of his pre- 
decessors. Malebranche expanded Descartes' ideas in 
regard to the union which we have with the bodies 
that surround us, and of the mind with God. When 
investigating the nature of the mind, Malebranche, 
who believed in the impossibility of a direct com- 
munication between mind and body, strove to show 
that the thoughts of the mind cannot be the physical 
cause of the movement of the body, nor the move- 
ments of the body the physical cause of the thoughts 
of the mind, because there are no points of contact 
between the Iwo substances. All that takes place is 
in virtue of the ffen^al law that God has instituted ; 
78 
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to excite in our minda certain thoughts, when the 
movement produced in our oi^us by contact with 
foreign bodies wilt be communicated to certain parts 
of our brain. Thence it foUows that God alone is 
the cause of all the movements of oar body, and 
of aVl the afiections of our mind, and that He only, 
speaking absolutely, can render us happy or un- 
happy, 

The doctrine to which the name of Malebranche 
is attached is that by which man sees oH in God, 
and that it is God alone that acts in him. It has 
thus liens uniting it with Spinoza's pantlieism, 
which considers that all in tlie world moves by neces- 
sity from the nature of God, in whom he sees only 
the general and tlie absolute. This is in reality 
the theory of St. Augustine, who perceives in God 
only that which is unchangeable, and which modern 
Philosophy calls necessitarianism. Malebranche's 
doctrine b equivalent to a negation of free will. 
Man is an automaton ; the fall of man— original 
sin — conferred on him the liberty of committing evil, 
and this liberty is man's punishment. As to the 
animals it is entirely different. Having neither in- 
telligence nor will, they do not know what evil is. 

In accordance with Malebranche's necessitai'iau 

dodrine, he was led to deny individual providence 

and even all finite existence. It is not conformable 
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to the Datura of God to act by any but universal 
laws, and tbeae universal laws necessarily involve 
particular evil consequences, though their ultimate 
result is the highest possible good. 

Malebrandie avoided discus^ng the astronomical 
and physical tfaeoriee of either the Ptolemaic or the 
Copemicau system, as well as any other quesUoo that 
would force him into a denial of the established Aris- 
totelian theories of the Church. He escaped, there- 
fore, all persecution, though his denial of particular 
providences constantly involved him in disputes with 
Arnauld, with Bossuet and with others. He died in 
1715, aged 77 years. 

The theories of Descartes, Malebranche and 
Spinoza, differing, as shown above, in important 
detail, yet alt having the same general foundation, 
constituted the Cartesian Philosophy. Its principles, 
held with various modificatious, were in the thoughts 
of the greatest minds of the time; and tlie philos- 
ophy of Leibnitz, Locke, Condillac and others, 
though they were not within the Cartesian fold, drev 
much from its doctrines. Its practical and permanent 
benefits to its age and ours were rather in its destruc- 
tive action upon the existing errors of its time than 
(apart from the discoveries in Mathematics) the 
creation of new thoughts or knowledge. It was pre- 
ceded in date by the writings of Kamus, TaleziuB, 
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Patrizi, Campanella and others, all violently oppos- 
ing the Aristotelian Pbiloeopliy. But they destroyed 
their influence by trying to substitute th^ theories of 
Parmenides, (504 b. c.) of Plato, or ideas of their own, 
equally unreal and false. To Cartesianlsni is mainly 
due tlie rejection of authority in scieutific investi- 
gation — the down&ll of the Aristotelian Philosophy, 
and the insistance on doubt and distrust of aU tradi- 
tion or accepted belief, axioms, or d<^raatic teaching 
in philosophy and science, until satisfadory proof be 
given to the mind of their existence and truth. 

The Deductive Philosophy bad for its principle 
the belief that the human mind was cajiable, by 
reflecting upon its own thoughts, of recognizing cer- 
tain axioms or incontrovertible trutlis which it was 
believed necessarily existed, and which, being in 
the mind, were therefore in nature. From these 
a-priori cognitions, such as the scholastic doctrine of 
the Uuiversals, Descartes' "Cogito ergo sura," or 
Spinoza's idea of substance, there could l<^ically 
he deduced conclusions that it was difficult to refute. 
Indeed, it would be impossible consistently to refut« 
them were it not that from the same premises con- 
clusions equally Ic^cal, but diametrically the opposite, 
might be reached by varying the point or line of 
departure. The mind, thus occupied by its own 
thoughts ouly, could not increase its sum of knowl- 
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edge from the material world. PhenomeDa, tbey 
thought, could best be explained by i«fereiice to geu- 
eral pnnoiples, or asioms, Buch as that " Nature 
abhors a vacuum " to account for water ascending a 
tube when the air is exhausted within it ; that a 
flame or heated air ascends, owing to the principle of 
levity; that the sun would breed maggots in a dead 
d«^, for it mis the natureof tite sun to do so, etc For 
the better study of his own mind, Descartes early 
refused to read any more books. His aim was not 
to learn, but to think. Even so late as tlie time of 
Cowper it was believed to be wiser to think than to 
learu. He wrote: 

*■ Snowledge and Wiidom, for fivm being one. 
Have olUimee no reeemblance. 

Knowledge dwells in heads replete with thoufhta of other men, 
Wiadom in miiidi etteotive to their own."* 

In the early days, before the Renaissance, nearly 
all learning had died out in Chnstian Europe, and 
that which later was resuscitated into being had 
been kept from death by the Arabs only, and was 
warmed into new life by the Moors in Cordova. All 
Christendom was ignorant, and only the " Clericos " 
could read. The most learned monasteries possessed 
only two or three of the works of AristoUe out of the 
many later recovered, and few or none of the Monks 
• Cowper. The Taok. Book VI. 
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throughout the land could read Greek. It was then 
both natural and right that all should look back to 
the books of antiquity as to a treasure-house in 
whicli was kept priceless wealth of wisdom, without 
which they would be no better than the seris and 
slaves around them. Learning then coosi'sted in 
trying to understand the ideas of those who had 
lived, thought and written a thousand or fifteen 
hundred years before. To improve upon that 
thought was absurd, if not in fact sinful. To think 
as Plato and Aristotle thought, and to look upon the 
world and its contents as Aristotle had done, was 
with the monks -and with the scholastics the very 
essence and truth of Philosophy, To such men the 
only philosophy known was the dednctive. It is so 
to-day with those whose training is only in classical 
_ learning, or whose profession or practice obliges them 
to depend largely upon established precedent and 
to rely upon authority in the past, for their reason 
and motive for action in the present. 

We have now to leave the realm of the pure sub- 
jective and deductive philosophy to which Leibnitz, 
Locke, Hegel, Schelling, Eant and others have added 
the labor of their lives,and turn to the school of the 
inductive philosophy that has opened to us our insight 
into the real infinitude of knowledge. 
83 
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CHAPTER VIII 

SIR FRANCIS BACON — ^THB ORIGIN OP THE IN- 
DUCTIVE PHILOSOPHY AND THE BCIENTIFIC 
INVESTIOATIOK OF NATURE. 

Francis Bacon, Viscount St. Albans and Baron 
Verulam, Lord High Chancellor of England (1561- 
1626) was born in London. His father was Sir 
Nicholas Bacon, a zealous Protestant, for twenty 
years keeper of the Great Seal, and one of the Com- 
missioners appointed by Queen Elizabeth to take 
C(^izance of the charges made against Mary %uart 
by the Scots. 

His mother was a daughter of Sir Anthony Cooke, 
formerly tutor to Edward VI. She was (as mothers 
of great men generally have been) a woman of ex- 
cellent mind. She was learned in many ways ; had 
translated and published from the Italian the Ser- 
mons of Ochine, and from the Latin those of Jewel. 
She possessed true piety and all the feminine virtues. 
Her sons, Anthony and Francis, received their early 
education at her hands alone. One of her sisters was 
84 
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the wife of the celebrated Lotd Burleigh. lE^iuids 
BacoD, the youngest of three sons, was kept iu his 
early years much at home, his health being always 
delicate. At thtrteeD years he was sent to Cam- 
bridge, where his lapid progress astonbhed his 
Masters. He was only sixteen years of age when he 
wrote an essay to combat the philosophy of Aristotle, 
which he saw was better fitted to produce and per-~ 
petuate dispute than it was to enlighten the mind. 
At the age of nineteen be |iad traveled through 
much of France, and spent some time at the Court in 
Paris, where he publishal an essay on " The State of 
Europe" that showed surprising evidence of his 
maturity of judgment. 

Oil the death of his &tlier in 1679 he was recalled 
to England, and the narrowness of his estate forced 
him to look for an employment suitable to his birth 
and ]X)sition. He devoted himself to the study of 
jurisprudence with such ardor and success that by the 
time he was twenty-eight years old he was made 
Counsel Extraordinary to the Queen. It is out of 
our province to follow the political positions of 
BMX)n, or to dwell upon the transactions in his life 
that caused him to be chai^;ed with ingratitude to 
Essex, his former friend and patron ; his venality in 
office, or the abuses committed whilst holding his 
aj^intment under the Great Seal. For these he 
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was imprisoned, heavily fined and di^raced. The 
penalUes were remitted, and his imprisonment was for 
a abort time only. Muc^ has been written in pallia- 
tion of the oonfeeeed charges of corruptioD. It is 
pretty well shown t)iat Essex was guilty of the 
political crimes for which be sufiered ; but it is im- 
possible to find a reasonable excuse for the active part 
that Bacon took in bis conviction, or to see that it 
mis otiier than a selMi care for his own interest that 
prompted it. 

It is a relief to turn from the actions of the politi- 
cian to the writings of the man of science. Macau- 
lay rightly says: "The chief peculiarity of Bacon's 
philosophy b tliat it aimed at things altogetlier differ- 
ent from those which his predecessors had proposed 
to themselves. . . . The ancient philosophers did not 
entirely n^lect natural science, but they cultivated it 
solely because it tended to raise the mind above low 
cares and to exercise its subtlety in the solution of 
very obscure questions. . . . Bacon, on the other 
hand, valued this branch of knowledge, only on ac- 
count of its use with reference to that visible and 
tangible world which Plato and otliers so much de- 
spised. . . . Bacon was not the inventor of the indue- 
tive method. He was not the person who first showed 
that by the inductive method alone new truth could 
be discovered ; but he was the person who fii'st turned 
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the minds of speculative men, long occupied ia verbal 
disputes, to the discovery of new and useful truths. 
By so doing he at once gave to the inductive method 
an importance and dignity which had never before 
belonged to it." 

Bacon's two great worlcs are the " De Dignitate et 
Augmentis Scientiarum " and the " Novum Organum 
Scientiarum," in which he proposed to substitute Induc- 
tion for the syllogism that the scholastics had so long 
used and abused. He maintained that the only way 
to arrive at the verities in nature is to observe and 
study nature, not only in the phenomena that present 
themselves to our notice, but in those that we are able 
to discover by the way of experimentation. It is not 
sufScient only to have eyes to perceive; it needs an 
art to direct the observationa ; it needs one still more 
difficult rightly to interrt^te nature. To arrive at 
this double goal he created methods for which he 
makes rules without number to be used in all the 
pursuits of science. 

In the method of investigation contained in the 
" Novum Organum " and other works of Baoon no 
reference is made to the necessary use of deduction. 
He was so anxious to decry the old philosophy of 
scholasticism and to substitute for it the new induc- 
tion that he lost sight of the fact that it was the long 
perverted a-priori reasoning from inadequate premises 
87 
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arbitrarily assumed, and the dependence Boleljtltereon, 
that produced the infirnctuous learning then existing. 
Bacon himself made little or no practical application 
of bis method. Had he done so he would necessarily 
have modified the procedure recommended. By ex- 
cluding absolutely all deduction he deprived himself 
of the use of Hypothesis, the judicious employment 
whereof is indispensable to scieotifio investigation. 
Bacon's aim, as he repeatedly stated, was to benefit 
mankind by searching out and revealing the proper- 
ties and phenomena of nature. The niles he Uid 
down for guidance have not proved as serviceable as 
he had conceived they would be, and the search for 
the essences, which he considered the ultimate cause 
of phenomena, has been abandoned. But he suc- 
ceeded in awakening all men to the observation of 
the world around tliem, and to the supreme dignity 
of the study thereof. 

The principles of the inductive method as now 
recognized consist — (1st) In a careful and systematic 
observation of the phenomena or characteristics pre- 
sented by the substance or the thought under consid- 
eration. (2d) In submitting the substance or the 
phenomena to variable conditions, artificially pro- 
duced, or obtained naturally by watching for and 
varying the time or circumstances existing. (3d) 
In comparing the results obtained in (1) or (2) with 
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other siibstaDces or phenomena that have greater or 
lesa similarity with ttiose in question ; determining and 
noting the points of similarity or of diETerence, and 
repeating the observations indefinitely until a large 
number of data are obtained sufiGciently great to 
admit of classification. The phenomena common to 
or in certain groups can thus be shown to be dependent 
upon causes or phenomena back of th€m again ; and 
thus continuing to rise from individual phenomena 
to those of higher generalization, and still higher as 
observation or experiment may furnish material or 
occasion, nntil the cause nearest to the ultimate cause 
may be reached. In this proceeding a certain amount 
of deductive reasoning is frequently involved. Causes 
or conditions have often to be assumed, from which 
deductions may be made in order to test tlie existence 
or correctness of other conditions or phenomena that 
should be present, if the true theories or causes sou^t 
for t^ree substantially with those that were assumed. 
This assumption is an Hypotliesis. 

Bacon's mathematical knowledge was not of a 
veryhigh order. He stood far behind Descartes, 
Kepler and Galileo. It was his comparative igno- 
rance as a mathematician that prevented him from 
appreciating the great discoveries of the latter. He 
never accepted the Copernican system of Astronomy, 
He could not conceive the possibility of the move- 
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ment of the earth around the Sun, whicji be ridimled 
as being an utter absurdity. 

The methods of indactiou first formsHzed by Bacon 
have been practiced nnconsciously by thousands of 
persons without reference to his rules and without 
knowledge thereof. In like manner, before his day, 
the greatest minds at times employed it necessarily, 
seeking through it the light of truth and in studying 
the works of God. 

Bacon, as it lias been stated, bad made no practical 
application of the rules for investigation that he had 
announced. In common with most of the philoso- 
phers who had preceded him, he made few, if any, 
observations of natural phenomena. They preferred 
to theorize as to the causes of the facts they consid- 
ered established, rather than to verify their correctness 
by careful research, or to gather new facts by personal 
investigations. The implements or appliances neces- 
sary for such work in many instances were not yet 
constnicted. The b^inning of science waited for 
tiie men who would watch and experiment. The 
tools wherewith to work would then also be invebted. 
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CHAFrER IX 

THE OBSEHVATION8 OP NATUEE AND NATUEAL 
PHENOMENA — QALILBO GALILEI — HIS LIFE AND 
DISCOVERIES. 

Galileo Galilei (Galileo), bora at Pisa, 1564, 
died Dear Florence, January 9, 1642, was the son of 
a gentleiDan of noble family, though impoverished. 
Being one of a number of childreD, his father could 
give him but poor teachers ; but his dedre to learn 
made him apply himself with such assiduity to hia 
classical studies that he acquired the knowledge of a 
solid and extensive literature, to which he owed the 
lucidity of his discourse and the elegance of his writ- 
ings. Heearlyshowedastronglikingand aptitude for 
mechanical inventions, also much taste and facility in 
drawing; lie was fond of music, and was well versed in 
ite theory and practice. When he was eighteen he com- 
menced the studyof medicine, which his father thought 
would procure for him an easy and honorable livelihood. 
He also then studied the Aristotelian philosophy. In 
the latter he could not accept on the faith of another 
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the answws to questions tliat reason and experiment 
answered otherwise, nor could he let the authority of 
Aristotle intervene when his own experience was a 
better teacher. He boldly defended his own views 
and combated those of others, so that he acquired the 
reputation of being obstinate and contradictory. 

Before lie was twenty years old he made the first 
of his great discoveries by observing the swinging 
of tlie lai^ lamp suspended from the vaulted roof 
of the church. He noticed that its oscillations were 
made iu equal times, whatever might be their length. 
He remembered the fact and made use of it fifty 
years later In the construction of a clock for astro- 
nomical observations. As yet Galileo knew little 
about mathematics. His father feared to let him 
study therein, lest it would interfere with his zeal for 
that of medicine. At last, after long i>ersuasion, his 
father yielded liis consent. From that time everything 
was forsaken for the new study. He delighted in the 
demonstrations that put him in possesion of certain 
and unquestionable truth, and that gave strength 
and method to his mind. 

Finally his enthusiasm and the progress lie made 
was so great that he was permitted to give up medi- 
cine and devote himself exclusively to mathematics. 
He became acquainted with the Marquis Guido 
Ubaldi, a cultivated geometrician, who employed him 
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in researches on the centre of gravity in bodies. His 
marvelous ikcility in the calculatioDs caused him to 
be strongly reoommended to John de Medici and to 
the Grand Duke Ferdinand, who gave him the 
Chair of Mathematics at Pisa when he was scarcely 
twenty-five years old. He neglected nothing that 
could serve to justify his elevation, and undertook to 
establish the laws of motion and to ascertain the 
solid basis of the laws of nature, not by hypothetical 
reasoning such as had always heretofore been done in 
all schools, but by actual experiment. He showed 
that all bodies, whatever may be their nature, tall 
with equal rapidity ; whenever there appears to be a 
difference in their relative speed in tailing, it is due 
to the greater resistance of the air caused by a greater 
extension of surface in the one body than in the 
other. 

These new views excited the animosity of the old 
philosophers, who tried all in their power to annoy and 
persecute this bold innovator. They succeeded in ob- 
liging him to leave the chair that he held at Pisa, and 
to return to Florence without any employment. He 
had a letter from Guido Ubaldi to a gentleman of 
Florence of the family of Salviati, who received htm 
with great kindness and enabled him to continue his 
discoveries until he could obtain remunerative em- 
ployment. One of Salviati'a friends, a Venetian 
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nanicft Sagredo, a man of culture and of high stand- 
ing, obtained for the young mathemBtician tlie Chair 
of that Science iu Padua for the term of six years. 
In reo^nition of the kindness, Galileo gave their 
names to the personages in his dialogues who sus- 
stained the new and true philosophy. During this 
time he invented the thermometer and made some 
other minor inventions. At the expiration of his 
term at the University the Senate again elected him 
to a second period of six years, with an increased 
salary. The sudden ap[)earaiice of a new star in the 
constetltttion Serpentarius enabled Galileo to demon- 
strate that its position was {ar beyond the elementary 
sphere in which alone — according to tiie philosophy 
of Aristotle — changes of any kind were possible. 
In 1606 his professorship was again renewed. 

In 1609 it was rumored that the Count Maurice 
of Nassan had been presented by a native of Middel- 
burg, Holland, with an instrument: that made distant 
objects seem to be much closer and nearer to hand 
than they really were. This wag all that he could 
learn about the instniment. From this information 
Galileo proceeded to ascertain how such a thing was 
possible, by experimenting with spherical glasses in 
various shapes. After some attempts with such as 
he had at hand, he succeeded in his elForts, and a few 
days after presented to the Senate several of bis new 
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instniiuents, with an essay showing what important 
consequences must result therefrom in navigation and 
astronomy. This was the invention of the telescope. 
The imperfect arrangement of lenses made by Lipper- 
shey, of which Galileo had heard, and which started 
him on bis own experiments, was at the best only a 
spyglass or field-glass, and was fitted only for such 
limited uses. Galileo was rewarded by the appoint- 
ment for life to the professorship, with a sakry three 
times as great as he had before received. Galileo 
soon after invented the microscope, and perfected the 
telescope so that it might be turned towards the sky. 
" He then saw what no mortal had seen before him — 
the sur&ce of the moon, like a land furrowed by 
mountains and deep valleys; the planet Venus pre- 
senting itself in phases that proved it to be a si>here ; 
Jnpiter accompanied by the four satellites that sur- 
rounded it in its course through the heavens. The 
milky way resolved into an infinitude of stars that 
were too small to be seen by the naked eye. He 
noticed also the various shapes presented by the 
planet Saturn, but did not resolve the changes into 
the presence of its ring. He distinguished the spots 
on the sua, which the peripaticians had declared to be 
without blemish and incorruptible. From them hede- 
dneed the fact of the rotation of the sun on its axis."* 
• BioL Biog. Univs. T, IS, P. 413. 
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From the pale disk of the moon that becomes 
visible when the new or the old moon is seen, he 
rightlj concluded tliat the effect was caused by tlie 
reflection from the earth of the sunlight thereon, it 
heing analc^us to the moonliglit on the earth. He 
saw bow the movements aud tlie eclipses of the 
satellites of Jupiter would serve a useful purpose in 
determining longitudes, and commenced a long series 
of observations of the planets for the construction of 
tables for the assistance of navigators. It is with 
justice that he is considered the real inventor of the 
telescope as an astronomical instrument. 

Galileo was fully aware of the eflect his discoveries 
would have in establishing the tmtli of the Colter- 
niean system of Astronomy and in overthrowing that 
of the Ptolemaic and of the Aristotelian philosophy. 
He believed himself at liberty to discredit tlie errors 
that had now become too gross and apparent to be 
longer tolerated. Unfortunately for liim, he had ac- 
cepted the offer of the Grand Duke of Tuscany, who 
bad appointed him Mathematician Extraordinary to 
his Court, and had loaded him witli favors. Galileo 
therefore moved from Padua, where the power of the 
Republic of Venice protected him, and where he was 
free and safe, to Florence, where he was far less so, 
since the political exigencies of the state of Tuscany 
made it much more amenable to the dictates of Bome. 
96 
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Besides making mtay men eavious of bis iame 
and fortune, hia writings had excited against him 
all those who had tat^ht without coiit€station the old 
philosophy, and among them nearly the whole hody 
of Ecclesiastics. Some of these maintained that all 
that he said he saw was pure fiction ; others said 
that they had looked through bis glass (lenses) for 
entire nights, but saw notliing such as he described. 
One ecclesiastic quoted against him from the pulpit, 
"Viri Galilaei quid statis aspicientes in C«lum" 
{Acts 1. 11), by which the Scriptures had evidently 
intended to put us on our guard against this astrono- 
mer, who would try to teach us falsehoods." They 
also tried to overwhelm him with ridicule. The 
most effective weapon, though, was to prohibit all 
teaching of the Copernican doctrine which he bad 
sustained with so much force. It was represented to 
be false to Scripture, and was denounced as euch to the 
Holy Chair (Saint Siege). Qalileo tried to calm die 
tempest by publishing in 1616 a letter addressed to 
the Grand Duchess of Tuscany, in which he under- 
took to prove by cilations from the Fathers that the 
langu^;e of the Scriptures was reconcilable with the 
new discoveries of the constitution of the universe. 
This served, however, only to give an open field to 
his adversaries, who denounced him as holding opin- 
ions contrary to the Faith. He was summoned to 
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Rome and obliged to appear there and defend himself. 
NotwithstandiDg the proofs he brought of the teality 
of his discoveries — of the truth and justice of bis 
reasoniDg, and the evidences he gave of his Catholi- 
cism, nothing could prevent an assembly of the 
theol(^ian8 appointed by the Pope from declaring 
that "To mfuDtaiD that the Sun is placed immovable 
in the centre of the world is an absurd opinion, false 
in philosophy and positively heretical, because it is 
contrary to the Scriptures to sustain the statement 
that the earth ie not placed at the centre of the 
world; that it is not immovable. And, likewise, 
that a diurnal motion on its axis is also an absurd 
proposition, &l8e in philosophy and erroneous at least 
in &ith." 

Galileo, thoroughly astonished, employed every 
argument that truth could suggest in the defense of 
the doctrine that bis observations bad proved to be 
really incontroveriible. No attention was paid to his 
proofs or reasons; and, as he showed himself di^n- 
clincd to submit to the decision of the Holy office, 
they forbade him to profess personally from that 
time forward the opinions that had been condemned. 
In 1617Galileo returned to Florence, and, continuing 
his astronomical labors, gave his energies to accumu- 
lating during sixteen years the physical proofs of the 
movement of the earth and of the constitution of the 
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heavenly bodies. These be embodied in a work in 
the form of dialogues betweeo tbe two distinguished 
Floretinians before named — Salviati and Sagredo— 
advocates of his new doctrines, and a fictitious third 
person named Simpticius, who adhered to the peri- 
patician philosophy. The former, who were cul- 
tivated and without prejudice,ezamine, discuss, doubt 
and draw forth the evidences that convince them. 
SitDplicius, a true Aristotelian, listens to nothing and 
will understand nothing that is opposed to Scholasti- 
cism, and judges only that to be true or false as it 
accords with or disagrees with his old teaching. 
The composition and style of tbe dialogues were per- 
fectly adapted to the interlocutors, and preserve 
throughout a charm and elegance, with the most bappy 
choice of expression. Galileo endeavored to obtain 
permission to publish it, and presented it boldly in 
person to the Master of the Sacred College at Rome 
as a collection of scientific &ncies and novelties, with 
tiie request to examine it scrupulously, to cut out 
everything that seemed to be suspicious — in fine, to 
censure with tbe utmost severity anything therein 
that required censure. The prelate, suspecting noth- 
ing, read and re-read tbe work, gave it to one of bis 
old colleagues to judge of it, and, seeing nothing to be 
reprehended, gave to it under his own hand bis full 
approbation. To make use of tbis, however, it would 
99 
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be necessary to print the book in Rome. This Galileo 
dared DOt do, sioce be bad many enemies there wbo 
would surely frustrate bis plans. Taking advantage 
of an epidemic then raging in Kome, he wrote again 
to the Master of the Sacred CoUc^, asking permis- 
sion to print it at Florence on condition that be 
should have it again examined in that town. The 
Prelate gave him the address of a new censor, but 
required him to return the former approval to him, 
BO that he might again see the terms in which he had 
given it. Having received the document, he would 
make no further answer, though Galileo used every 
poedble endeavor to obtain it. Fmling in this, be was 
obliged to content himself with the approval of the 
Censor in Florence. 

In order to make himself safe from possible conse- 
quences, be represent«d his book to be an apology for 
the judgment of Rome in condemning the Copemican 
doctrine. Tlie opening and closing paragraphs thereof 
were so worded as to support this idea; but the tenor 
of the dialogues Boon disproved it. The excitement 
and rage among the ecclesiastics at Rome, when it 
was published, was beyond description. Galileo 
vainly attempted to escape by alleging that he had sub- 
mitted his book to the Holy Chair; vainly asserted 
that he had only presented the two systems of Ptolemy 
and of Copernicus as philosophical problems, without 
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pretending to adopt either one or the other. He had 
hoped that the kindly ieeling manifested by Urbain 
■ VIII. in a former visit to Some would have been 
elective in bis favor; but liis enemies bad led the 
Pope to believe that Galileo had depicted him under 
the guise of Slmplicius. Unlikely and foolish as 
such action in Galileo would have been, the rumor 
may have wounded the self-love of Urbain, especially 
as be may have felt tbe force and truth of Galileo's 
arguments more keenly than in his position it would 
have been expedient for him to show. 

Despite tbe strenuous eflorts of the Grand Duke of 
Tuscany, Galileo was summoned to appear before the 
Inquisition. Notwithstanding his feeble health and 
his advanced i^ — sixty-nine years — on February 10, 
1633— he was taken to tbe Palace, Trinit^-du-Mont, 
the residence of the Amtiassador of Tuscany, whence, 
after a few days, be was brought to the Inquisition. 
Tbey informed bim he would be permitted to ex- 
plain his reasons before the congregation of the 
Inquisition, and, afterwards, if he was judged to be 
culpable, they would hear bis excuses. In one of his 
letters, he writes: "Tbe following Tuesday, I ap- 
peared before tbe congregation of tbe Cardinals, and 
I b^;an to show them my proofs; to my misfortune 
they did not seem to grasp them ; and whatever pains 
I took I could not make them comprehend. They 
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cut short my reasoning with outbreaks of zeal, or else 
spoke only of the scandal I had caused, and always 
opposed to me the passage of Scripture on the Miracle ' 
of Joshua 03 the victorious proof against me. Tliis 
made me think of another place where the language 
of the Holy Book is evidently conformed to popular 
ideas, wherein it is said that 'the heavens are solid 
and polished like a brazen mirror/ To me this ex- 
ample seemed much to the point in proving that the 
words of Joshua might likewise be so interprele<l, 
and the deduction therefrom would be perfectly just ; 
but they paid no attention to it, and I had nothing 
but a shrug of the shoulders for the reply." On the 
SOth of April he was returned to the Palace of 
the AmbasRtdor of Tuscany, but forbiddeu to leave 
the enclosure thereof. On June 25th he was brought 
again before the coogr^ation of the Inquisition, 
where his sentence was read to him. He was made 
to kneel before his judges, his head bowed down and 
his hand placed upon the Holy Gospels. The fol- 
lowing words were dictated to him, which be repeated 
aloud : 

"I, Galileo Galilei, of Florence, i^ed seventy 
years, being placed here personally in judgment and 
kneeling before you, Most Eminent and Most Bev- 
erend Cardinals of the universal Cliristian Republic, 
inquisitors general against heretical malice, having 
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before my eyes the Holy and Sacred Evangels, which 
I touch with my own hands, do swear tliat I have 
always believed, that I believe now, and with God's 
help I will believe in the future, all that which is 
held, preached and taught by the Holy Catholic 
Church, Roman and Apostolic, I have been judged aa 
being vehemently suspected of heresy, for having main- 
tained and believed that the sun was the centre of the 
world and immovable, and that the earth was not the 
centre, and that it moved. Therefore, wisliing to 
efface from the minds of your Eminence and from all 
Catholic Christianity this vehement suspicion con- 
ceived justly i^jainst me, it is with a sincere heart 
and with faith not feigned that I abjure, curse and 
detest the above-named errors and heresies and all 
other errors generally." 

Galileo was not of the stuff that martyrs are made 
from. No doubt it would have been nobler in him 
to have remained steadfast to his convictions and to 
his knowledge of their truth ; but he realized at last 
the danger that he was in, and that he would only 
destroy himself by attempting to resist the power of 
Kome. It was only seventeen years before his first 
citation to Rome that Giordano Bruno had perished 
at the stake by order of the same tribunal. It was 
thirty-three years before his own abjuration thatBruno, 
adhering to the same heresies, refused to recant, and 
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for them died. It csd hardly be doubted that in 
BruDo's case the aim of the loquisition was to pre- 
vent ttie dissemination of his doctrinee, and that 
his death by fire after seven years' imprisonment 
was intended not only to stop their teaching, but to 
serve as a prominent example of the power of the 
Church and of its determination to forcibly root out 
all who were persistent in spreading their heresies 
throughout the land. Only fourteen years later (in 
161 9) Vaoini was burned alive in Genoa for 
blasphemy ! 

Galileo's submission was absolute. If it had not 
been so, there can be little doubt that he would have 
been closely imprisoned until death relieved him. 
As it was, the Church obtained -all it wished for — the 
suppression of his revolutionary philosophy, and the 
absolute denial of his belief in the toitb thereof. 
He seemed not to have troubled himself as to the 
main doctrines of the Church, and never questioned 
or deviated from its other authoritative theological 
teaching; therefore his punishment was light and 
his even nominal imprisonment of short duration. 
Within the same year he was permitted to reside at 
his country-seat near Florence. When seventy-four 
years of age he lost his sight. He died January 8, 
1642, aged seventy-eight years, the same year in which 
Isaac Newton was bom. 
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Galileo made no additions to Philosophy or to the 
theories of Science. His great work was in the 
practical observation of nature, and in the persist- 
ence with which he taught, until his arrest, the 
truth and evidences of the Copernican theories which 
his discoveries firmly established. The ability with 
which his views were set forth and the purity and 
el^ianoe of bis style — which, as Hume states, has 
made his writings classic — contributed much to the 
dissemination of his discoveries and to his own 
celebrity.* 

■ The abore is mainlj' (Vom Jean Baptuta Biot. (Biographe Uni- 
v«rMU(i, % Edit., T. XV.) 
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CHAPTER X 

SIB ISAAC NEWTON — UFE AND DISOOVEIUES IN 
HATHEHATICS, PROPEBTIES OF UGHT AND 
LAWS OP 6RAVITATI0N — HIS DISLIKE OP 
THEORIZTNO. 

Nearly one year after the death of Galileo 
(January 8, 1642) there was born at Woolstborpe, 
Lincolnshire, England, or Christmas day, 1642, Old 
Style (January 5, 1643, New Style) Isaac Newton, 
whose name, inseparably associated with that of 
Galileo, will remain immortal in the memory of 
mankind. Newton was the son of a landed pro- 
prietor of limited means, but whose family had 
possessed the estate upon which he was born nearly 
thi-ee hundred years. His birth was premature, and 
he was so small and feeble that it was thought that 
he could not live. Very soon after his birth his 
father died. His mother re-married when he was 
three years old, but faithfully fulfilled her duties (o 
her child, and gave him an education that would be 
appropriate to his position as a country squire. He 
showed a great aptitude for mechanical contrivances, 
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and BQch a desire to study that he was returned to 
the school at Grantham, where he remained until 
eighteen years old, whence, in 1660, tie was admitted 
to Cambridge. Here, under the tuition of Barrow, 
one of tlie greatest mathematicians of his time, he 
thoroughly mastered the Geometry of Descartes and 
the "Arithmetica tufinitoruin " of John "Wallis. 
From ^e study of the latter, when he was twenty- 
one years old, he conceived the idea of perfecting it by 
further developments, and worked out the details of 
the Binomial Theorem tliat lias since borne his name, 
and to which he gave the necessary algebraic formula. 
Ill this consisted the " method of fluxions " of which 
Newton then laid the foundation, to be eleven years 
later re-invented by Leibnitz and presented by him 
under another form — that of the Differential Cal- 
culus — which is In general use to-day. These pro- 
cesses he had worked out before he was twenty-three 
years of age. He kept them secret, not revealing 
them even to his former teachers, Barrow and 
Wallis. It was not until 1668, when Mercator pub- 
lished his work entitled Logarithmo-technia, in which 
he showed how to obtain the quadrature of an hyper- 
bola, that Kewton was forced to produce the proofs 
of his earlier mettiods. He presented them to his 
master Barrow, who was astonished at the number 
and the value of the analytical discoveries, wliicb far 
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surpassed thoee of Mercator, that had caused the 
general admiration of the learned world. Newton 
itemed to lose interest in his mathematical proced- 
ures as soon as they ceased to be novelities to him. 
He never occupied himself earnestly with two 
different branches of scientific thought at the same 
time. His attention was now (1666) strongly drawn 
to the subject of the refraction of light, in which he 
had made many experiments with glass prisms. 
These experiments were b^un at first as a mere 
matter of nmiisenient and curiosity, but soon led to 
importaut results. He found tliat a ray of light from 
the sun is not a simple and bomt^Dous beam, but is 
composed of a number of rays of unequal refrangi- 
bility and of different colors. 

The prevalence of the Plague in the towns of 
England drove Newton into the country for safety, 
and put a stop for the time to his scientific work by 
depriving him of th$ needed instrumenta and appli- 
ances. He retired to his country house at "Wools' 
thorpe, about 110 miles from London. It was here 
and at this time that Newton saw the apple fiill that 
set him to thinking on the cause of gravity, and on 
the movements of bodies uniformly accelerated, to the 
study of which his " method of fluxions." had been 
applied. Beflecting afterwards upon the nature of 
this singular power that drew bodies towards the 
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centre of the earth with an ever^increasing swiftnees, 
and which acted without apparent diminution, on the 
top of the highest towers or mountains, he thought, 
why may not this power extend even to the moon, 
and then what more would be needed to hold it 
in it£ course aroand the earth ? The next step then 
would be to see if the same power would retain the 
planets in their orbitfi around the sun. These were but 
conjectures ; but be soon proceeded to verify them by 
the appropriate calculations. To arrive at tlie effect of 
gravity between the earth and the moon it was neces- 
sary to use the radius of the Earth for the first factor. 
This radius, was at that time calculated from the 
length of a d^ree on the earth's curvature being 
equal to sixty miles. From this datum, which was 
thought to be correct, Newton found that the law that 
" gravitation was directly as the mass and inversely 
as ttie square of the distance between the centres" 
wotild not account for the moon's motion around the 
earth. He therefore laid aside this hypothesis for 
many years as incapable of verification, until later 
correct measurements proved the length of a degree 
to be sixty-nine and one-tenth miles, and not sixty 
miles, as he had been led to believe. 

On the cessation of the Plague, at the end of 1666, 

he returned to Cambridge. In 1669 he was appointed 

in the place of Barrow, who had resigned in bis &vor, 
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to the Chair of Optics at Camhridge. Haviqg tbas 
every facility for his labors, he devoted himself to ob- 
servaUons without number, and formed therefrom a 
complete doctriae of the fundaraeutal properties of 
light, which he classified and arranged from his ex- 
perience and experiments only, without any admix- 
ture of hypothesis — a novelty as unheard of as were 
the new properties he disclosed. It was not until 
1675 that he oommuuicated to the Koyal Society his 
conjectures upon thfe nature of light, prefacing his re- 
marks with : " To me the subject is nuimportant^ since 
my discoveries are matters of &ct, and for their ex- 
istence independent of any hypothesis;" but added: 
" I believe I have seen that the heads of many of the 
greatest savants run strongly towards hypotheses; I 
will say, therefore, what I am led to regard as the 
most probable, should I be obliged to adopt one." 
He tlien proceeded to describe, nearly as Descartes 
had done, the probable existence of the imperceptible 
Ether, in which and by which light is transmitted. 
Kewton thought that light was composed of hetero- 
geneous particles, different from tlie ether itself, which 
were emitted in all directions from a luminous body 
with an excessive swiftness, agitating the ether, caus- 
ing undulations therein, by which the movements of 
the smd particles, as well as tiie ether waves them- 
selves, might be accelerated or retarded. The in- 
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herent principle of movement in these miDute ma- 
terial particles would continue to act upon tbem, ac- 
celerating perpetually their swiftness, until the re- 
sistance of the ethereal mediuai would equal the 
iustantaneous action of the principle, when the move- 
ment of every corpuscle would become uniform. The 
above constituted the main features of hia Corpuscular 
Theory of light, and was compatible with tlie known 
facts of the refraction of light and of the color of 
thin plates, etc., but failed in explaining the phe- 
nomena of the double refraction of Iceland Spar, or 
the dispersive power of difierent bodies, as well as 
many other phenomena later discovered, which have 
led to the rejection of the corpuscular theory and the 
universal acceptance of the vibratory theory, main- 
tained in Newton's time by Hooke and by Huygens, 
but rejected by Newton himself. 

The renown in which Newton's name is held is 
especially due to the proofs he gave of the firm 
establishment of the laws that govern the movements 
of the solar and planetary bodies, and to the absolvie 
demonstralion that they are identical with the law that 
represses the movement of a body dropped from 
a heights towards the centre of the earth — the law of 
gravitation. This law is : " All bodies attract each 
- other with a force that is directly as the mass (the 
sum of substance) and inversely as the square of the 
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distance." The originalify of the amebian of tJieae 
relations is not Newton's. Islimael Bouillau (1605- 
1694) from metaphysical considerations maintained 
that the action of the sun upon tbe planets decreases as 
the square of the distance ; not as Kepler bad asserted 
in the direct ratio of the distance. Jean Alphonse 
Borelli (1608-1679) explained clearly in his book 
on the Satellites of Jupiter (1666) bow tlie planets 
were held in space around the sun by a power that 
was exactly balanced by the centrifugal force due to 
their revolution ; and therefore there was no need of 
the solid skies of Aristotle or tlie Vortices of Des- 
cartes to prevent their flying ofl*. 

Robert Hooke (1635-1703), who spent a laigp 
portion of his life in disputing the priority of his 
theories and discoveries with liis rivals, who likewise 
claimed them, published in 1674 an essay upon — 

1st. The reciprocal attraction of the sun and all the 
plauets upon each other. 

2d. The supposition that the heavenly bodies 
when once in motion would persist in motion in a 
straight line until some other force would bend or 
deflect their course into a circle, ellipse or other 
comiKHite curve. 

3d, That the attractive powers exercise more 
energy in proportion as the bodies upon which they - 
act approach the centre from which they emanate. 
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In 1679 he wrote to Newton on the natare of the 
course of projecUles, presenting as a certain fact that 
an eccentric ellipse would be th& consequence of re- 
ciprocal gravity in the ratio of the squares of the 
distances from the centre of the earth, Newton was 
still unwilling to give expression to his own opioions, 
since he could not reconcile his calculations of the 
. distance of the moon based upon the diameter of the 
earth as it was then given. In 1682 he learned that 
the measure of a terrestrial degree had been lately 
made with extreme care by Picard. Obtaining 
tlie length of a df^^ree thus calculated, Newton !«• 
turned home, and, taking up his calculations made 
in 1665, he revised it with the change therein made 
by the new length of a degree. As he advanced 
and saw the result it would have on his theories, he 
became so excited that he could not continue his cal- 
culations, and was obliged to ask a friend to com- 
plete them for him. This time, the accordance of 
his theory with the observations was perfect The 
effect of weight at the surface of the earth, as drawn 
from his experiments with the fall of bodies, when 
applied to the moon — diminishing as the B(]uare of the 
distance between the centres of the respective bodies 
— was found to be identically equal to the centrifugal 
force of the moon, and conclusive as to the rapidity 
of its course and of the observed distances. He who 
8 113 
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liad been held in suspense so tDaoy years by the 
(.-rror in the measurement of a degree of the earth's 
curvature now gave iiimself to the renewed calcuU- 
tion with a boldness of thought never before seeu, 
and proved by the law above named how the planets 
and comets were held in place ; determined the nature 
of their orbits ; the weight and form of their masses ; 
the oscillation of the tides and fluids that covered - 
them ; the precession of the equinoxes and the eodlesB 
number of other questions thus given birth to. In 
1684 Newton showed to Halley — who had come to 
Cambridge to consult him in r^rd to the action of 
centrifugal forces — a treatise he had composed con- 
cerning motion (de motio), and which was the basis of 
his great work, " The Principia." 

The latter work, "Philosophia Naturalis Principia 
Mathematics," was shown to the Royal Society in 
1686. The work was published by Halley at his 
own expense. Among the savants of the time there 
were but few capable of appreciating the value thereof, 
and of the few, Hooke and Wren disputed the orig- 
inality of the discoveries. Huygens even only par- 
tially accepted the doctrine of universal gravitation. 
He applied it to the heavenly bodies, but substituted 
theories of his own for the movements of bodies on 
the earth. Leibnitz was led by his metaphysical 
tendenoies to undervalue it, and to surest methods 



DoiizccbvGoogle 



SIR ISAAC NEWTON 

of his own devising for proviug the same truths. 
Profoand mathematieiaDs, among tkem Jean Ber* 
noutti, combated it later. Fouteiielle, though Secre- 
tary of the Academie des Sciences for forty-two years, 
would only consider tlie laws of attraction as being 
more than doubtful, and through bis long life held 
firmly to the Vortices of Descartes. The three 
"Laws of Motion" given by Newton still remain 
without cliange or addition. Tiiey are : 

1. That of Inertia. Every body oontinaes in its 
state of rest, or of uniform motion in a straight line, 
except in so far as it may be compelled by force to 
diange that line. 

2. Change of motion is proportional to force ap- 
plied, and takes place in the direction of the straight 
line in which the force acts. 

3. To every action there is always an equal and 
contrary reaction, or the mutual actions of any two 
bodies are always eqnal, and oppositely directed. 

It was more than fifty years after its publication 
that the truths demonstrated in the Principia were 
even understood, much less embraced by the generality 
of savants. After tlie completion of his great work 
Newton confined himself to working out the details 
of his former labors, and did not enter into any new 
scientific work. He suBered much from sleepless- 
ness, which was aggravated by the vexatious disputes 
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into which he was drawn by Hooke, by Leibnitz 
and by others with reference to the originality and 
priority of bia discoveries, which in 1693 so injured 
his health that for many months afterwards his 
reason was affected. Best and quiet restored him ; 
but in his works on optics that appeared in 1704, 
and in later works on science, he always stated that 
they were titles of ancient works that he had com- 
posed long before, and in which, though tliey needed 
revision and extension, of which he felt the necessity, 
in order that they might be nearer perfect, yet he 
oould not bring himself to undertake tlie work. The 
appointment to the Directorship of the Mint in 1699 
gave him a competent livelihood. In 1703 he be- 
came President of the Royal Society of London, 
which he retained for twenty-five years, until his 
death. In 1705 Queen Anne knighted him. The 
disputes between Leibnitz and Newton concerning 
the differential calculus continued with increasing 
acerbity until the death of the former in 1716. It 
must be said that cacli was unjust to the other, and 
Newton was even more so than his opponent. 

Newton was a believer in the science of Alchemy. 
He pursued bis experiments in the search of the 
Philosopher's Stone until late in life. The famil- 
iarity with chemical reactions thus obtained was of 
service to him when he was placed in charge of the 
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Boyal Mint. In the latter part of his life NewtoD 
published a "Chronology of Andeat Kingdoms," 
that he had composed when at Cambridge, founded 
on the astronomical observations of the ancients. 
After his death were published a number of disserta- 
tions upon the prophecies contained in the Scriptures, 
which he considered embraced a mystical meaning. 
Such conjectures were in accordance with the cus- 
tom of many men of science of his time. No par- 
ticular value is attached to these papers. Many other 
of his writings of the same nature remain unpub- 
lished. Newton never married. His health, after 
recovering from the attack before named, was excel- 
lent until he was eighty years old. He never required 
the use of glasses to aid his vision and never even 
lost a tooth. When eighty-five he suffered for 
about twenty days from the presence of a calculus. 
Two days before his death he lost consciousness. He 
died March 20, 1727.* 



*The noUoe of Newton is maialy dravm froiii Je&n Baptists Biot's 
ezhaiutiYe article in the Biog. Univ.— 2d Edit. T. 30. 
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CHAPTER XI 

THE EXISTENCE OF THE ETHEREAL MEDIDU — 
TRANSMISSION OP LIGHT AND HEAT. 

It lias been mentioned Uiat Newton considered 
that Light was caused by material corpuscles emitted 
from a luminous body and moving witb an extreme 
swiftness tbrougli tbe interstellar Ether, to which it 
transmitted motion, and by whiuh it ultimately 
reached the eye of the observer. Tbe action of 
gravitation in causing the movement of bodies towards 
each other, and of the planets and satellites in tbeir 
orbits, be thought was also due to tbe existence of auch 
a medium, filling all space. The doctrine of direct 
action at a distance, by which one body could influence 
another body not in contact therewith, nor with any 
intermediate substance, in his opinion was absurd. 
In his letter to Bentley be wrote: " It is inconceivable 
that inanimate brute matter should, without the me- 
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diatioo of something ebe which ie not material, 
operate upon and affect other matter not in contact, as 
it must do if gravitation in the seoae of Epicurus be 
essential and inherent in it . . . That gravity should 
be innate, inherent and essential to matter, so that 
one body can act upon another at a distance, through 
a vacuum, without the mediation of anything else, by 
and through which their action and force may be 
conveyed from one to another; is to me so great an 
absurdity ttiat I believe no man who has in philo- 
sophical matters a competent faculty of thinking can 
ever Ml into it." He sought for the explanation of 
gravitation in the existence of an ethereal medium at 
au early date, hut found that he was not able from 
experimeutor observation to give a satisfactory ac- 
count of this medium and the manner of its operation 
in producing this, the chief phenomena of nature.* 

The lapse of nearly two hundred years has left the 
problem of the nature of the ethereal medium still 
unsolved, and even the possibility of its non-exist- 
ence, and of the action at a distence of matter upon 
matter, has still its advocates; so far at least as the 
cause of the vt^H of matter or grav^aivm is con- 
cerned. 

The rec(^nition of the fact that radiant beat, 

•EncBrit eth Ed. Art Attraction. 
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light and electricity are modes of motion only, and 
the accurate knowledge we now have of the laws 
governing the phenomena presented, in thdr trans- 
mis»ioi) and conversion into otlier forms of physical 
and chemical enei^, constitute the greatest and most 
important part of the foundations of modem science. 
The theories of light, heat and eIe<Aricity now claim 
almost without dispute the existence of the ether fill- 
ing interstellar space as the postulate of their being, 
since they are but the vibrations or the undulations 
thereof, and without which, they are not. 

The nature of the Ether and itB constitution has 
been the object of thought of men from the earliest 
historic times. About 500 B. C. Xenophanes and 
the Eleatio School believed in the immutability, the 
unity, the continuity and the immobility of matter, 
and that the evidences of the senses were illusions 
only. Leucippe, in opposition thereto, taught that 
matter was like a sponge, in which the atoms are 
separated by vacous spaces, the atoms being solid, 
impenetrable and almost infinitely small. All bodies 
are composed of this assemblage, or union, of the 
plenum and the vacuum. The atoms are of various 
shapes, and when grouped in various ways give rise 
to the diflerent kinds of matter. His disciple, Democ- 
ritus (470 B. C), taught what is now nearly the ac- 
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oepted doctrine : " Nothing is made of oothing, nor 
caa anything be resolved into that which is not 
Therefore, all that u, is composed of principles eelf- 
existing of themselves. These principles are the atoms, 
and the vacuum is the space between the atoms. . . , 
The atoms are infinite in number, as space is in ca- 
pacity. The atoms are of each tenuity that they 
escape all perception. Their solidity renders them 
indestructible. Their shape is infinitely varied. 
These atoms are the primitive bodies which move in 
that infinite space that admits of no relations of posi- 
tion, indicated by such words as high, tow, the middl^ 
or the extreme. The movement of the atoms has had 
no commencement : it is from eternity. By it (the mo- 
tion) the atoms are attracted, repulsed, are united, are 
separated. From the unions and from the separa- 
tion result the composition, and the decomposition of 
all bodies. Bodies only differ among themselves by 
the number, the shape and the reciprocal composition 
or decomposition of the groups of atoms wfaicli com- 
pose them. The worlds themselves disseminated in 
infinite number throughout infinite space, whatever 
may he their relative equality or inequality, have no 
other origin, and are submitted to the same variations. 
The rapid movement of the atoms is the soul which 
l>enetrates these worlds as with the action of fire. 
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E^Ncuros (342-370 b. <x) adopted Demoaitas* 
idea of the atom^ to wbich he added the pcopGrtieB 
<^ weigfat, thns coDStitiitii^ giaTilatioa and affinity, 
which eoDstitatcB the germ of Cbemiatiy. It is the 
philosophy of EpicniuB that Lncretins expounds in 
bis poem " De Bantm Natora," mnefa of which reads 
aliDoet like a modeni treatise <« Physica. Locretias 
a^oes that ^ace most eoosist of atoms <^ material 
sabstanoe, sqiarated one from anoth^ by vacoous in* 
tcrvals. He insists daewheie that th^ most also be 
in constant motioL These are eooditioin that the 
modeni atmnic theory of the Ether Hkewiae reqDire& 
He writes : ** Thus if there was no SDch thii^ as space 
vacated, or a vacnnm, evoythii^ would be solid ; 
then, again, unless there were some thin^ solid to 
fill ap the space, ererything, all, would be empty 
qwoe^ Body from space is in itsdf distinet, ibr all 
is notber full nor is all void, and thns there are 
solid atoms which cause the difference between the 
plenum and qnoe. Tlieae solid attHns by do foroe 
fimp without can be dissolved, nor can they be de- 
stroyed hy bong penrtrated from within, nor made to 
yield by any other means, as I have taken pains to 
show. For no things can come in oollisioB or be 

*'I>«aH>erila'*-~fuEliainBFUiMt.Bi«g.DuiT. T. M,p.3ST. 
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broken, or by ibrce be cleft in two, or receive moisture 
or the pien^Dg cold, or the searching fire which all 
things else destroy, without a void." * 

Lucretiua here opposes, as he does throughout faia 
work, the Eleatic doctriue taught by Xenophanes 
(617-510 B. c), and later by Parraenides (604 b. c.) : 
" That the world is one, immutable, uumovable and 
indivisible : that it fills all space, in which there is 
no void, no vacuum, consequently there can be no 
movement, for there is no place to move to. The 
senses, it is true, testify that there is a plurality in 
composition and in things, hut the senses are fal- 
lacious and illusive, and must not be received by the 
reason. Space is a plenum, and is indivisible and 
continuous, infinite and cannot be divided." In other 

■De Rerum Natuni. 

Turn porro si nil enet, quod iiuute Taoaret, 
Omne foret aolidum. Nisi oontra oarporii caeca 
Eawnt, quae loca ootnplerent, qutecunque lenerent 1 
Omne, quod wt, spatium vaouuin constarat inana 
Altoruia igitur niminim corpus iuani 
DistiDctuin est, qnoniun nee plenum naviter enUt, 
Kec poTTO Tacuum. Bunt ergo corpora caeca, 
Qiue gpaUum pleuo poasinl distinguere inana. 
Heeo Deque di'asalvi plagis extriasecus lets 
Ponunt : nao porro peaitus pcDetrata ratexi ; 
Nee ratioDe queuut alia tentata labare : 
Id quod jam supera tibi paulo osteadimns ante. 
Ham nequ« eonlidi une inaDi pOMB videtur 
Quidquam, neo frangi, nee Audi in bina secando : 
Nee capera hamarem, neque item manabile Aigos, 
Nee peaetralem igneni, qutbus omaia coufiduntur. 

(Lucretiua — De Rerum Natura. Lib. 1. Gil.) 
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words, Xenophanea accepts the geometrical idea of 
matter and of space. A figure tliat is contiDuous and 
that can be infinitely divided only by destroying it. 

Leucippe, Epicurus and his disciple, Lucretius, on 
the contrary, assert the numerical idea — that matter 
is disoontiouous; we pass from one number to the 
next, Per scdium ; tlie numbers being individuals, 
and building up the sum or body by their allega- 
tion, which body can be again divided into its original 
numerals, or individual factors, the atoms. * 

Modern science is still somewhat in doubt between 
these conflicting views. The laws under which the 
transmission of light and heat from the sun to the 
earth and other planets, and the transference of heat 
on earth from one body to another by radiation, are 
fully established. They are demonstrated facts. Their 
phenomena necessitate the assumption that there is 
aomeihi'ng that exists throughout infinite space — be- 
tween us and the far distant star — that even the latest 
and most powerful telescopes fail to reveal : so far 
off that its light even then is not directly perceptible 
to human vision, but proves its presence through the 
slow action of the telescopic camera upon the photo- 
graphic plate. 

This aomelhing is set in vibration by the sun, or 
other star that is intensely hot. The undulations, or 
■J. Clerk Moxi^ell, Edcj. Brit. Mh Edit "Attraction." 
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traosverse vibrattous, are transmitted irom the ean 
with the speed of light, for they are light, through 
the intervening minimum distance of 91,430,000 
miles with a velocity of more than 186,000 miles a 
second, thus requiring eight and one-tliird minutes for 
them to reach the earth. The light from the nearest 
fixed star, a sun to other worlds, requires three years to 
reach us ; from tlie most distant stars hundreds, if not 
thousands, of years. These vibrations of the Ether, 
for such it is called, are of course without other ac- 
tion upon the intervening space, which contains only 
the ether il^lf, and pass with little action through 
our atmosphere ; would probably do so absolutely 
without action if the air consisted only of oxygen and 
nitrogen gases, its main and essential constituents. 
The heat direcUy absorbed by the air from the sun's 
rays is almost nothing ; nearly all its beat is derived 
from contact with the earth, which is heated by the 
sun's rays ; the higher we ascend a mountain, or into 
the air by means of a balloon, the colder the air be- 
comes. The presence of foreign gases, carbon di- 
oxide, ammoniacal gas, tlie vapor of water, and even 
the odor of plants and other oi^nic matter, increases 
the absorptive or heat-retaining power of the air, in 
some cases one hundredfold, in others many thousand 
times. This especially is the case with heat of low 
intensity, of which much more relatively is retained 
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than when it is of high inteasity. The temperature 
of the atmoephere is thus r^ulated ; for if the earth 
radiated its heat away as readily as the solids of the 
earth receive it from the sun, the temj>erature even of 
the tropics would be 200 degrees C. below freezing.* 

The uDdiilations of the ether are excessively rapid. 
Those which affect the eye and produce vision vary 
from 370 mitliou million per second in tlie ultra red 
rays of the spectrum to 833 million million per 
second in the ultra violet rays; these rays have re- 
spectively a length inversely to the rapidity of vibra- 
tion of from .0000205 of an inch to .00000914 of an 
inch, or, in round numbers, say 20 one-millionths 
of an inch for the extreme red, and a little over 9 
one-millionths of an inch lor the extreme violet. 

These rates of vibration may be better compre* 
bended when compared with the undulations of the 
atmosphere, which undulations constitute musical or 
other sounds, audible to the human ear. Sound is 
produced by the air being thrown into alternate ex- 
pansion and contraction by the vibrations of a string, 
metallic surface, or by the air itself, if set vibrating 
in a tube with an open end. It propels itself by alter- 
nate swellings and contractions, as it were, of conceu- 
tric spheres (not as light does by transverse vibra- 
tions), and travels at the rate of 1089 feet a second. 
'Langley io " Bu^efi FbyBcs." 
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Ite rateof vibration varies from tlie minimum of 16 
in a second, the lowest rate of audibility, to about 
40,000 a second. Tbe range of musical notes is 
from 32 vibrations a second — tbe lowest note of the 
oi^n— to 4224 vibrations, the upper notes of the 
pianoforte, or 4762 of the picolo. Tbe human voice 
ranges from 87, for a bass voice, to 1530 a second, the 
highest soprano. Tbe length of the sound wave 
varies inversely with the frequency of tbe vibratious; 
a high note has a shorter length than a low one. The 
average wave length in conversation, for a man's 
voice ia from eight and one-fourth, to ten feet ; for a 
woman's voice from two to four feet. The relative 
speeds, therefore, with which light travels through 
tbe ether and sound through the air are : 

Light— 186,000 miles in a second. 

Sound — 1089 feet, or about one-fifih nub in a 
second. 

Light ti-avels, therefore, 907,000 times faster in 
the ether than sound does in the air. 

The number of vibrations are inversely as their 
length. The length of the vibrations of the violet 
i^yB is nBini <>f &» inch; the length of the vibra- 
tions of the average waves of a woman's voice is 
about three feet ; therefore the sound waves are four 
million times longer than the waves of light. 

Tbe namber of tibe vibrations of violet tight being 
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883 million million io a second, and the fittest known 
sotuid vibrations being, say, 40,000 in a second, l^t vi- 
brations are 22,075 millionstoonesoundwave. These 
relations are given merely to show how almost in- 
finitely minute and rapid the undulatJ<His of the ether 
are compared tothoseoftheatmosphere. Howalmost 
iacDDoeiTably smaller than those of air must be the 
oltimate particles of the ether if it is composed of 
discrete particles as all other forms of matter are. 
How ea^y, therefore, they might interpenetrate all 
other matter, even though the constituent atoms of 
the air and of fluids are so minute themselves as to 
escape all tangible or occular demonstration. 

Maxwell says with r^ard to the theory of a semi- 
solid or con/inuoiM constitution of the ether : " The 
theory opposed to the atomic structure of the ether 
and of matter, general ly known as that of Anazagoras, 
in which bodies that appear to be homt^neous and 
continuous are so in reality, as Xenophanes taught, 
is incapable of demonstration. To explain the proper- 
ties of any substance by this theory is impossible. 
The properties of such subetences — if existing— could 
only be admitted as ultimate &cts." There is no 
explanation, for it cannot be explained. 

The Vortex theoiy, suggested by Yon Helmhottz, 
and elaborated by Sir William Thompson (now Lord 
Kelvin) over thirty years ago, as applicable to the 
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constitution of aerial matter, and of atomic structure 
generally, and by which theory the permanence and 
strength of the molecular combinations might seem 
to be assured, has &iled, notwithstanding its ingenuity 
and beauty, in obtaining corroborative proof. Lord 
Kelvin, to whom the Hypothesis of the atomic vortex 
rings is due, lately announced at a special meeting of 
the American Philosophical Society, Novemtier, 1897, 
in a discussion between himself, Prof. Barker and 
other members of the Society, "that he had been un- 
able to add any facts or suggestions even, to the 
ori^nal conception ; and he was forced to say that 
be felt compelled to abandon it as a working hypoth- 
esis, for want of any sufBcient base for theory, from 
observations or from experiments, other than tliose 
of the smoke-rings which he originally described." 
Nevertheless, it offers the possibility that the struc- 
ture of the ckentwaX atom, and, therefore, of matter, 
may be due to the formation of vortex rings or some 
analogue thereof from the ultimate atoms of the ether. 
As Maxwell writes : " If two vortex tubes are linked 
bother they can never be separated, and if a single 
vortex tube is knotted on itself it can never become 
untied. The motion at any instance of every part of 
the fluid, including the vortex rings themselves, may 
be accurately represented by conceiving an electric 
current to occupy the place of each vortex, the 
9 "9 
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BtreDgth of the cnrreDt being proportionate to llut 
of the ring. . . . He who dares to plant bis feet in 
the path opened up hj Helmboltz and Thompson has 
no other properties to work with than inertia, invari- 
able density and perfect mobility. . . . The difficul- 
ties of this method are enormous, bot the gloty of 
aarmounUng them would be unique."* 

The theory of the ether Eatis&ctorily aoconntB for 
the transmission of light and heat. Tbe movement 
of the Electric and Magnetic radiant waves has been 
proved to be of a like nature, or rather radiant heat, 
light, electricity and electro-magnetism are forces 
essentially identical each with the others: they are 
governed by the same laws and have the same 
method of transmission. The existence of the Ether 
is now asserted absolutely, so that the text-books of 
our Collies place the study of the phenomena of 
Radiant Energy, ai Light, Heat, Electridty, Mi^- 
netism, etc, under the heading of the Phymca of 
theBher. 

Notwithstanding the statement of Clerk Maxwell 
that the theory that attributes a homt^neous and 
continuous structure to the substance of the Ether is 
imiMtssible of demonstration and incapable of any 
explanation, yet it is generally assumed by mathe- 
matidana that the Ether c onsists of a jelly-like sub- 
J. C. Maxwell, Enc. BriL "Atom." 
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stAQce, perfectly cont Id uous : uot granular or molecular 
like ordinary matter; subtile, inoompressible, pervad- 
ing all space and penetrating between the molecules 
of all ordinary matter. It also possesses rigidity,and 
it is thought in so far must be a solid ] It is with 
reason, therefore, that L. Graetz, of Munich, one of 
the latest mathematicians and writers on the subject, 
and who apparently accepts this idea of the Ether 
when free in space, should say : " The various Ether 
theories embrace many imperfections. Properties are 
attributed to it that are widely diflerent from those 
of any other known bodies."* 

Even in the ideas of the same person views are 
held absolutely incompatible one with another. It 
is not to be expected that the Ether should possess 
properties similar to other known bodies, but the 
properties as attributed to it by any theory should 
not be self-contradictory or otherwise impossible. All 
theories, however, of whatever kind, as well as our 
daily experiences, agree in asserting its exemption 
from all gravitio action. This condition is not ao 

• Den Tenehiedanen Ether Theorian >ber baften nooh Tielen Un- 
Tolkomroerbaiteu va, e» werden in ihoea dam Ether Eigentchan«ii 
beigelegt die gani abweiobend von den Eigenuhkfteii der lODit be- 
lunnt«n Efirper. Datker gehort der quMil»bile Ether Lord Kel- 
Tin'si feraer der quMirigida £ther derselbeD, den such Bommerfeld 
und Beiff >o wje BoUmanii aoceptiren, und dem SommerMd auuer 
dem, in den Leitem, Quuiviicoedtit lugeechrieben winl. 

Annalen der PbTiik, ITa. C, IVOl. L. Omti, MuQchen, Mini 

igoi. 
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assumption, for the veiy definition of the Ether 
separates it from ail poiiderable matter. 

The theory proposed by L. Graetz is that the 
Ether, though aa elastic, solid body when free in 
space, yet iu the intersUces of ponderable matter under- 
goes a process of dilation and expansion consequent 
upon the reciprocal action and reaction between it 
and the molecules of matter, whidi he attributes to 
the electrostatic enei^ of the ponderable molecules. 
He speaks of the kinetic energy of the Ether, but 
brings no evidence thereof or of its mode of action. 
He considers the phenomena of static and motor 
electricity as essentially those of ponderable molecular 
matter, in which the Ether plays only a seoondaiy 
part. The origin of the reciprocal actions between 
the molecules and the Ether is attributed to the mole- 
cules of ponderable matter, but no cause for or 
ori^u of the needed enei^ is assigned or sug^;ested. 
The same difficulty applies to any modification of a 
theory of a solid continuous Ether. Whence and 
when can enei^y arise ? 

The Atomic Theoby of the Etheb here 
^ven is essentially that of Le Sage and of Preston, 
\a which the present writer has added the conception 
of the Ions as being the cause of Static electricity, 
The Ether is supposed to be composed of tnoteoaleg 
consisting of two atoms of non-gravitip natter p 
13a 
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ing polarity, tbe long of the molecule, but which 
united in a molecule moves and acts as a unit. These 
molecules are extremely small and move in all direo- 
tioDB with enormouB rapidity through free paths 
ezoeeding even planetaty distances in length ; they 
are individually, aleolutely elastic, are relatively 
close together and move with such extreme swift- 
ness that with their excessive minutcDess they inter- 
penetrate the interstices of all ponderable matter. 
They are of infinite number and of uniform nature. 
According to Newton's first law, that of InerHa, 
their rapid translatory motion is self-inherent; that 
is to say, not dependent upon any other pre-existent 
motion for their continuance. According to his 
second law, that of Motion, any change of motion 
must be proportional to tbe force applied and in a 
straight line in the direction of the altering force. 
They thus form in free space a consistent iaotropio 
medium of extreme tenuity, but which, owing to the 
enormous velocity of its molecules, poBseseea great 
rigidity, since the moving corpuscles, having a 
momentum equal to their individual mass multi- 
plied by the square of their velocity, will require a 
fiirceas great as their own to deflect them at right 
angles from their path and position. This velocity 
must at least equal that of tlie supposed corpuscles 
in the Eathodic rays, which J. J. Thompson estimates 
133 
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at 40,000 kilometCTS a Bemad, tlioi^ [wob«Uj mncli 
greater.* Hios comdbited tlie Ether forms the me- 
dtmn wboBe vSbmdiomt ^rvAvas the [JiencKiieDS <^ radi- 
ant heat, li^t and electridtjr in a manner aomewfaat 
analogotu to the tnmeftr of aoand by waves of the 
air. The air is known to be composed of gaseoos 
molecnlefl moving in all diiecti<H» with gre^ lapidity, 
bat yet it acla as a molar mediam to reo^ve and 
bsnemit t4^;ether withoot oonfunon the often varied 
and extremely complicated vibrations that constitute 
Sound. Thus the Ether somewhat resembles a gas, 
bat difim therefrom by being throogfaoat <^ uuifbnn 
den^ty and in being non-compressible, siooe it pene- 
trates through all bodies and cannot be confioed ; nor 
can it be compressed as air is by its own mass, for it 
is not ponderai^ matter, not being affected by 
gravity. The vibrations of radiant heat, light, ete., 
which it transmits are transverse vibrations — per- 
pendicular to the line of transition (not like the 
aerial vibrations that constitute sound, the waves of 
which are in the line of transition and are like the alter- 
nate swellings and contractions of concentric spheres). 
It is this fiict, that the etheric waves are transveise 
vibrations, that has seemed to require that the Ether 
should possess tlie incomprehensible kind of solidity 
on«n ascribed to it, so that it might have the desired 
• Tha UlMt experimenla (1111)2) give about half that of lighL 
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rigidity to receive aod traosmit the transverse vi- 
brations of light, etc. But aa even greater rigid- 
ity would be presented by the kinetic structure 
of the Ether as here assumed, for, conimenBurat« 
with the size and rapidity of motion of its molecules, 
it would offer greater resistance to any change of pod- 
tion or motion than would be possible with the con- 
ditions of a jelly-like impalpable solid. The vibra- 
tions that constitute Light, etc., seem always to 
arise from pre-existing vibration in heated ponder- 
able bodies: they have been long studied and are 
well known. They do not require now to be con- 
sidered, though their origin will he so later. 

It is generally acoept«d that the phenomena pre- 
sented by Static Electricity are closely connected with 
the £ther, but in what way and what is the nature 
and origin thereof are questions very imperfectly 
answered. Hertz's es^teriments have demonstrated 
the identity of radiant electric waves with those of 
light and heat, diifering only in their greater length 
and consequent slower vibration ; but of Static 
Electricity we have yet much to learn. The atomic 
theory of the ether should throw some light upon it. 
It is admitted under every theory suggested that all 
ponderable substances are inter-penetrated by the 
Ether, which fills the intervals between their corpus- 
cles. With a continuous Jelly-like or solid ether no 
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interac^on between the sabetance of the latter aod 
the corporeal molecules of pooderable matter other 
than the possible transmiasion of beat by contact 
seems probable, for, being a continuous substance, it 
would have no power of motion or change of place. 

The Atomic Theory of the Ether supposes its 
molecules to be composed — as most ponderable mole- 
cules are— of two atoms, their Ions, each possessing 
strong affinities for the other ; the one having positive 
polarity, the other negative polarity ;, united in the 
sense and in the manner that chemical substances 
nnite (for instance, a molecule of free Oxygen is 
composed of its two Ions — one atom each of oxygen 
united into one molecule). When tbe rapidly moving 
ether molecules come in contact with the earth or 
other ponderable matter their motion would be 
arrested in part or in whole. Some of the molecules 
might pass through the substance, or mass, and con- 
tinue their course unimpeded or with lessened motion ; 
another part would transfer their motion to the arrest- 
ing molecules, partly as heat, and would cause in 
them those peculiar molecular vibrations that we 
know all matter to possess, whether gaseous, fluid or 
solid. Still another, and perhaps the larger }>ortion 
would continue translatory motion, but with &r 
lessened speed, in driving onward or inward the 
ponderable molecules or masses; the eneigy of the 
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rapidly moving ether molecule being thus trans- 
formed, but never lost. Lastly, the ether molecules 
themselves thus brought into intimate contact with 
ponderable matter would bediasotnated by thesechanges 
of energy into their lone, which, acting inductively 
upon the Ions of ponderable matter according to their . 
chemical nature and jwlarity, would remain in con- 
tact therewith, though lightly held, or, finding better 
conductors near, pass off into the earth and dis- 
appear. In this manner all bodies of different 
chemical structure would retain what might be called 
adhering dissociated ether atoms of opposite polarities 
to their own. If in contact with other bodies or 
with the earth, the Ether Ions held by one substance 
would induce the opposite polarity in the other sub- 
stance ; consequently tJie polarities would be balanced ; 
but on removing the one body, which would require 
force or energy to do, the polarity of the Ether Ions 
wiU be unbalanced. The Ether atoms of one of 
them will flow to the earth ; those of the other, if it is 
a poor conductor, will remain unbalanced and lightly 
adhering, consequently show iSSCo^ Electricity ! For 
this reason the forcible displacement of dissimilar 
bodies always manifests Ek^nc^. A well known 
and established fact. 

The question why and how does a metal convey 
electricity ofllers another problem. A.1I substances 



DoiizccbvGoogle 



THE PATH OF EVOLUTION 

are to some exteiit ooaductora. No substauce ia ab- 
solutely a non-conductor. It is a diflference in de- 
gree — though there is a very great difiereuce. It is 
known that in all conductors the current passes on 
tbe sur&ce or outjjide of the wire — not through the 
substance or central mass thereof. Tbe said con- 
ductor or other electrified body is surrounded by 
what may be called an atmosphere, better known as 
an " Electric field." This may be its origin : When 
the Ether atoms are stopped or checked by matter in 
their path, they must be differently affected by the 
nature of the opposing body. Some substances will 
more easily permit their onward passage than others. 
Those that are best fitted by their inherent structure, 
or by their Ions, to arrest tlie onward move of the 
Ether atoms by converting their enet^ into the 
molecular vibrations of ponderable matter, will neces- 
sarily be surrounded by a greater number of quies- 
cent or partially quiescent dissociated ethereal Ions, 
while poor conductors would have but few thereof. 
These quiescent Ions would soon again be brought into 
motion by other free moving Ether atoms, and with 
them be swept away ; but tbe rain of Ether atoms is 
incessant, and the electric field would be quickly re< 
cruited by countless thousands of other dissociated 
Ions replacing those that have moved away. Tbe 
Ions of an unbalanced electric cbat^ — such as lately 
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described — whether positive or negative, would run 
witli lightning speed through this accumulation of 
Ions, each one inducing opposite polarity in those in 
advance of it. If the terminus of the positive wire 
is the anode of a galvanic battery, the Ions thus de- 
veloped will effect the usual decomposition of the 
electrolyte ; or, if otherwise connected, give an electa 

It is probable that the pressure of the dissociated 
ether atoms is the cause of the firm adherence of air 
or other gases to the surface of all solids, which, as 
Gmelin states, is so strong that they cannot be re- 
moved by exposure in a vacuum. It is well known 
that the adhering gases can only be removed from 
barometer tubes by boiling the mercury therein. The 
Torricellian Vacuum cannot dislodge them. The 
application of the heat of ebullition, or, in other 
words, the molar vibrations of the ether, readily re- 
move all traces of the adhering gases. 

It may be urged that the general formula — *' The 
energy of the moviug Ether molecules equals half of 
their mass, multiplied by the square of their velocity " 
— is inapplicable to the Ether molecules, inasmuch 
as by the definition of the Ether it has no matB in 
the sense of weight. It is not ponderable matter ; its 
molecules would not have mass. Consequently, onder 
the above formula, the mass being (Zero), their 
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momentum and eaei^ would also be zero. In a 
mathematical equatioa this necessarily would be true, 
but the &llac7 involved is the aacription of the 
terms of gravity to a non-gravitic body. 

Because all ponderable masses, gases included, are 
Bubject to and are measured by the so-called attrac- 
tion of gravitation, it does not follow that a form of 
matter cannot exist that is not so attracted or acted 
upon, though otherwise like matter in general. If 
it is assumed that the translatory motion of the ^her 
molecules are the cause of gravitation, it is self-evident 
that the molecules themselves that cause gravitation 
cannot be affected by gravity, for the same reason 
that the imtrojm vibrations of the molar Ether, coa- 
Btituting radiant heat, light and eleotncity, do not 
and cannot heat or otherwise affect the intermediaiy 
ether through which they pass, not even warming the 
transparent air (if pure) with the molecules of which 
the Ether is mingled. In other respects the proper- 
tjea of the molecules would resemble those of other 
matter, though of great tenuity. They would have a 
definite size, volume, impenetrability, atomic struc- 
ture and polarity ; they would be subject to the same 
laws in relation to momentum and energy that govern 
other matter, though these relations cannot be ex- 
pressed in the terms applicable only to ponderable 
matter. Apparently the Ether atoms, like the gases 
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lately liiscovered — Ai^n, Helium, Xenon, Krypton 
and Neon — are devoid of chemical afiBuities, though 
in the absence of v>eight the numerical relation of the 
Ether atoms to those of ponderable atoms would be 
impossible to discover. It should be borne in mind 
that the theory of a solid ether presupposes likewise 
that it is not gravitic 
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CHAPTER XII 

GBAVITATION AND THE PBOPEBTIG8 OP MATTER— 
THE KINETIC THEOBY AND NATURE OP OASES, 

The phenomena of Gravitation remain atill utH 
esplaiued. Tlie ordioaiy conception of gravitation ia 
that it is tbe qUraoUon or drawing together (from 
"Attraliere," to draw to) of one lx)dy towards another. 
It seems impossible to explain tliis drawing action of 
mass acting upon mass. A solid ether without 
movement cannot explain it, and the atomic theory 
of the ether can do little if any mor«. It is evident, 
however, that the same movement of two bodies 
towards each other can be produced by pressure ex- 
erted from outward towards each other iu the straight 
line of their respective centres. It is probable that 
in all cases where apparent attraction exists, or even 
its opposite, repulsion, that tlie real motive force is 
tliat of the pressure of the surrounding medium ; the 
difficulty b to demonstrate the exist«nce and the 
cause of the external pressure. The laws or con- 
ditions uuder which gravity or the attraction of gravi- 
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tatioii manifests itself are well known. That it acts 
upon all matter directly as the mass, and inversely as 
the square of the distance between centres, and that 
a falling body near this earth moves with a constantly 
accelerating speed of nearly thirty-two feet per second. 
But what is gravity? What is the force that acts 
and causes one mass of matter to move towards 
another mass, or when in contact presses them forcibly 
together? It is a question so difficult to answer^ 
if it can, even in part, be answered at all — that in 
tJie modern text-books of Physics no attempt is made 
to explain it. Prof. Barker, however, states: "A 
study of other forms of attraction has resulted in con- 
centrating the attention more closely upon ^e Ether 
intervening between the two attracting bodies than 
Dpon the bodies themselves. . . . Whatever the seat 
of the enei^, however, whether in the attracting 
masses themselves or in the surrounding medium, 
the general attraction which is exerted between masses 
of matter has received the name of gravitation, while 
that exerted between the earth and bodies upon its 
surface is called gravity." 

The reasons why the study of the causes of gravi- 
tation has made so little pn^ress are twofold : First, 
the knowledge of the laws that govern its acHon is eo 
accurate, and so fully satisfies all the demands for the 
practical application thereof, that investigation into 
143 
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its abstract nature becomes to moet men a matter of 
indifference, or a question of ontological interest only; 
and secondly, the inherent difficulties in the attempt ! 
We are surrounded on all sidee by die eCTecte of 
gravitatjon, and our every movement and action 
helped or hindered thereby % yet if, of all the phenom- 
ena around us, is the only one that we can in no way 
change, influence or direct. No human contrivance 
can increase ordiminisb its forceor its rate of acoelera- 
tive motion. Magnetic attraction, that varies also 
inversely with the square of the distance, can over- 
power its force, but only as a cord might drag or 
hold up a body that else would &I1 ; but it can in 
no wise be correlated therewith. Countless experi- 
ments have been tried by means of heat, chemical 
action and otherwise, to modify the phenomena that 
gravitatioD presents, but all with negative results. 
It has been impossible to apply inductive and em- 
pirical reasoning thereto. The only hope of success 
lies in the deductive method : assuming an a-priori 
hypothesis and testing ite validity by the few known 
facts we may possess. 

The ouly hypothesis of the cmue of gratnlaH(m 
that, in the opinion of J. Clerk Maxwell, " was in- 
genious, and that has been so iar developed as to be 
capable of being attacked and defended," has been 
already mentioned under the title of the Atomio 
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Theory of the Ether, formulated by George Louis 
Le-Sage ; boro io Geneva, 1724 ; died there in 1803. 
He adopted and perfected the ideas of Leucippus and 
Democritus concerning the atoms. Tiiese theories be 
published under ^e title of the "Lucrece New- 
tonian " in the " Memoires de 1' Academic Royal," 
Berlin, 1782. The latter treatise served as a basts 
Dpon which S. Tolver Preston * has expanded the 
supposition of ]Je-Sage into Uie present theory as 
already described, and also as being the cause of grav- 
itation. The Ether ia supposed to be composed of 
ultimate atoms. They are excessively minute and 
move with extreme swiftness, constituting a medium 
somewhat of the nature of a gas (the properties of 
gases will be described later), but in which the par- 
ticles are almost infinitely small, and move in all 
direodons with a swiftness greater perhaps than the 
transmissions of light itself. These particles move 
through free paths of possibly greater length than 
even planetary distances. It ia known that the speed 
of motion and the length of the free path of a cor- 
puscle — i. e., the distance it can move without col- 
lision with another corpuscle — is inversely to the 
square of the size or diameter of the corpuscles. 

* London, EdinbnTgh and Dublin Philoaopbical Mogatine and 
Joarnftlof Scienee,lSTT,ef sej. See sIbo the EncTclopedia Brittanica, 
VthEdit. 
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Clausius Btates : " The mean length of the free path 
of the particles of a gas increases in proportion as the 
square of the diameter of the particle diminishes. 
By assuming the particles to be small enough, the 
mean length of its path may be increased to any ez- 
tenL A-priori, one size of particles is aa probable 
as another. The minute size and high velocity 
would render it possible that no disturbance would 
be caused amongst the molecules of ordinary matter. 
This high velocity is necessary to accord with the 
known facts of gravity. Sir William Thomson has 
pointed out that the distance through which gravity 
is affected (i. c, that one body should act upon or at- 
tract another) is dependent upon the mean length of 
the path of the particles. By aa^uming tlie distance 
of the fixed stars (not a star and its planets) to be a 
multiple of the mean path, it would result that the 
stars would not gravitate towards each other, thus 
satisfying the condition for the stability of the 
universe." The assumption that all the bodies of the 
Universe are gravitating towards each other is evi- 
dently inconsistent with the stability of the stellar 
bodies, each of which probably has a planetary system 
of its own. This does not mean that the gravitic 
ether has not the same modus operandi at all dis- 
tances, but that the individual particles would col- 
lide with others at the end of their free paths at all 
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possible distances betweeo the stars, and if perfectly 
elastic would retrace their paths in the reverse direc- 
tion. As gravitation acts inversely as the square of 
the distance, and as the nearest star is at least 300,000 
times farther from the sun, and probably from other 
stars, than the earth is from the sun, gravitation be- 
tween the nearest star and the earth would be only 
one ninety thousand millionth ( ft^.oM,«n i) P^i^ ^^ ^'^ 
force that holds the earth in its orbit around the 
sun. We know that gravitation acts between these 
remote stellar suns and their planets: it is shown 
by the occlusion of light in the instance of the so- 
called variable stars, caused, beyond question, by a 
large planet interposing itself between the star and 
our line of vision. The, phenomena of the double 
stars may also have a like explanation ; but too little 
is known as yet concerning them to formulate a 
theory thereon. Before further considering the 
dynamic action of gravity it is necessary to give a 
short statement of the physical cohstitution 

OF MATTER. 

All matter is believed to be composed of molecules, 
or groups of atoms, of a determinate character, shape 
and size, which, though minute, far below our power 
of vision aided even by any microscope, are yet vastly 
larger than the atoms that compose the ether. 

The atoms of matt«r are the chemical atoms or 
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dtmenia. When combiaed with one another they 
form molecules which, with the exception of the 
gases, are grouped into coherent bodies having aa open 
or cellular structure, hy which the molecule, though 
retaining its position in the mass, can and does vi- 
brate throughout its substance. This structure is 
evident from the greater or lesser elasticity of all 
bodies, and by the action of heat, which increases the 
rate of vibration and the distance between the mo- 
lecules, and expands the body. This structure ia 
called a totid body. 

When a solid is heated to a certain temperature, 
that varies with its chemical composition, the vibra- 
tions increase so greatly as to overcome the cohesion 
of the molecules to each other (if their chemical com- 
binations are not altered at that temperature), so that 
the molecules are free to move around and about 
each other, though the vacuities between them are not 
decreased, hut rather are increased in size and num- 
ber; in other words, the matter mdta or becomes a 

ffllid. 

If the temperature is raised still higher, the mo- 
lecules part entirely from each otiier ; not only cease, 
absolutely, to cohere to each other, but seem to be 
mutually repellent, and fiy away from each other ; in 
other words, th^ boil and become vapors, or, if away 
from contact with the engendering fluid, and not sur- 
148 
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rounded by bodiea cooler than their temperature of 
formation, they beoome Permanent gases. The tem- 
peratures at which these changes occur vary from the 
critical (or liquifying) point of Hydrogen — i3Q° F, 
(or 24° above the Absolute Zero, wheu all heat dis- 
appears,) to that of Platinum, which melta at 3234° 
F., and vaporises at a temperature somewhat higher. 
The kinetic properties of a gas are as follows : A gas 
consists of molecules of a substance that at the existing 
temperature and atmospheric pressure retain their 
aerial condition — i. e., have no tendency to assume 
the liquid or solid state. The molecules of whtdi 
they consist have a definite size and number, being 
for every gas all exactly alike. The nwiAer of mo- 
lecules in every gas of any constitution is exactly the 
same at the same temperature and pressure, but they 
vary in we^ht, or, as it is now called, in mosa, with 
the weight- or mass of the respective molecules, and 
thus constitute the sp&djio gravity of the gas. These 
molecules are in constant, active motion, moving in 
straight lines in all directions, with uniform speed, 
until checked by some cause. These causes may Ik : 
Ist. Encounters with one another, when, each being 
elastic, they rebound and move again in straight 
lines in their new direction until a new encounter ; 
and BO, "da capo." 2d. By impingingagainstthe walls 
of the contuning and retaining vessel. The impact 
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of the molecutee ami their tnomentum produces a pres- 
sure tending to force away the solid walls, which ten- 
dency is counterbalanced by the pressure of the air on 
the outside, if at normal atmospheric pressure, or by the 
rigidity and tension of the retaining walls, if the in- 
ward pressure is greater or less than the normal. The 
effect of these movements is that the bulk or volume 
of a gas of any composition is in the inverse ratio of 
the pressure at the same temperature. If the vessel 
is air-tight the bulk will diminish one-half by 
doublingthepressure, or will increase proportionately 
in volume if the confining pressure is reduced. If a 
gas is not restrained by confinement in a closed vessel, 
its molecules continue moving away in right lines in- 
definitely. If we apply the above statements to the 
gases of the atmosphere, we find that the atmosphere 
(which exerts a pressure of about fifteen pounds to 
the square inch) if viewed as of a uniform volume 
and density must have an average height or depth of 
about five miles ; but, as it expands in proportion as 
the distance from the earth increases, being released 
in part from the pressure of its own mass, it probably 
reaches actually a height of 200 miles or more. No 
means are known of correctly ascertaining its limit. 
Its expansion may be ultimately checked by the ex- 
treme cold of the upper aerial regions, which must 
approximate or attain the absolute zero; it might 
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cease theii to be a gas, but would become liquid or 
solid ; or tlie effect of gravitation upou the diffused 
molecules may overcome their dispersive motiou, which 
may be iuherent in themselves or more probably be 
caused by contact with the ever-moving ether atoms. 
It should be noticed that the normal pressure ; that 
is, the cbdhtal weight of nearly fifteen ^munds per 
square inch of the aerial molecules of the atmosphere 
pi-essiog upon our bodies, is absolutely outside of and 
beyond our consciousness, even though the molecules, 
indepetidevi of their j»'es8ure, actually are striking 
us with the velocity of nearly 1500 feet per second. 
The pressure is uniform inside and outside through- 
out our frame, and, being alike in all directions, is 
unfelt by us. It is only when the pressure is with- 
drawn from one side of our hand or other portion of 
our body, by means of removing the air with an ur- 
pump or other similar device, that we can realize that 
the weight or pressure of upwards of 30,000 to 40,000 
pounds is actually distributed over our body. 

In all such objective phenomena the testimony of 
our senses is fallacious. The revolution of the earth 
on its axis, when first announced, seemed opposed to 
our common sense, was absurd and heretical. Lord 
Bacon so considered it. The lapse of time has recon- 
ciled us to the thought, and it has ceased to seem 
strange to us ; yet each true new theory goes to some ex- 
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teut through the same course — ridiculed at first, then 
decried, but ultimately accepted. 

From the above description of the physics of a 
gas — known aa the KyneUc theory of gasea — and so 
fully demonstrated as to be universally accepted, the 
analogy betweeu its fundameutal principles and those 
required for the properties of the Atomic theory of 
the Ether are evident. The atmosphere, though 
composed of molecules moving in all directions with 
great speed and with much force, as shown by their 
dynamio action on the walls that confine them, yet 
responds as a whole, as an iaotropio or a oonmdent 
medium or fluid to the vibrations of a cord, hell, or 
other body, and transmits the varied and complicated 
molar vibrations, waves, or alternate contractions end 
expansions that, affecting our auditory nerves, con- 
stitute musical and articulate sound. 

In somewhat the same manner we may consider 
the transverse molar vibrations of the Ether that 
constitute light, heat, etc., to be the phenomena of the 
Ether, coTimdered as a consUienl iaotropic Bub^arux or 
medium ; whilst the parHclea that compose it, con- 
sidered separately, are very close tt^ther, almost in- 
finitely small, are infinitely numerous, and ate mov- 
ing with a swiftness greater than the waves of light, 
probably in the ratio that the altimate molecules of 
air move swifler than the waves of sound. 
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To return to the hypothesis of the Atomic theory 
of the Ether as explainiog thereby the cause of gravi- 
tation. 

The atoms of the Ether are supposed to be, as 
before described, moving through all space equally 
Bwiflly and in all directions. A mass of matter is 
known to be a congeries of molecules, in which the 
spaces between the contiguous molecules, considered 
as spheres, are far greater than the space actually 
occupied by the molecule. This ratio between the 
vacuous interval and the solid molecule becomes 
greater in proportion as the size of the molecule is 
diminished. (The vortex theory of Lord Kelvin, if 
tenable, would, of course, enormously increase the 
vacuous spaces,) "Tait assumes that it is probable 
that the molecule itself does not occupy as much as 
five per cent, of the whole space." The Ether pene- 
trates into or occupies tlie space between the mo- 
lecules of all bodies, through which it passes owing 
to the extreme relative as well as the absolute emall- 
ness of its atoms, as air would pass through the in- 
terstices of a fishing net or of a sponge. The aggre- 
gate molecules of a body isolated in the Ether of 
interstellar space would be subjected to the concus- 
sions of the ethereal atoms moving from all directions 
with almost inconceivable swiftness, and with an 
energy proportionate to the square of the velocity of 
153 
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Uie atoiDB, ID much the same manner as the molecules 
of a gas, though moving much slower, impinge upon 
tlie walls of the vessel that confines them. These 
concussioDB or impulsions thus manifesting them- 
selves as a pressure, coming from all directions 
equally, would impel the material molecules of the 
aforesaid body, throw them into vibratory move- 
ment — if the mass were solid or liquid — and into 
translatory vibration, if gaseous ; iu all instances exert- 
ing an impulsion of tlie particles of tlie mass towards 
its own centre. This impulsion or pressure consti- 
tutes what we call weight, and is greater in direct 
proportion to the mass — i. e., as the number of the 
molecules in any body kept iu vibration is greater, 
and the motion of the ethereal atoms proportionally 
checked. The mass of this Earth determines there- 
fore the proportion in which in U is absorbed the 
motive force of the Ether atoms, moving to it from 
any and all directions, leaving, iu consequence, fewer 
atoms Jrom the direction of the earth to oppose the 
motion of another and separate body. Thus, a fell- 
ing stone, for instance, would find less resistance irom 
the impulse of the atoms towards the centre of the 
earth, than from all other directions, and it would, 
therefore, move in the line of least resistance. Since 
the translatory motion of the Ether atoms must ex- 
ceed that of light, say, 183,000 miles a second, the 
154 
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movement of the falling body, whatever might be 
its rate of adval motion, would be rdativdy thereto 
BO slow that it would be, aa it were, practically at rest. 
The impact from" the Ether atoms would therefore be 
aetmbly constant in their impulsive action upon the fall- 
ing body, thus causing tlie constant accelerative rate of 
thirty-two feet per second of a &lling body to the earth. 

In thus communicating to or maintaining a vibra- 
tory movement in the molecules of matter the ethereal 
particles must lose a portion at least of their own 
motion, so that the said atoms, even if in themselves 
perfectly elastic, would retreat from the mass with 
less swiftness than they came to it; or their own 
motion might be entirely converted into the new mo- 
lecular motions of the mass — into heat and electro 
static and electro motive force, in which events the 
ethereal atoms would come to rest ; or, at least, move 
with tlie new molecular motion only. The probable 
ikrther electric action of the Ions has been already 
mentioned. 

If two lai^ bodies existed free to move, otherwise 
isolated in the Ether, but within such a distance of 
each other as to be within the length of the mean path 
of the Ether particles, their condition would be some- 
what different. Each would receive as before the 
impact of the Ether atoms ; but as there would be 
fewer, or possibly no atoms rebounding, or coming 
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from the direction between the centres respecUvelj of 
the two bodies, owing to die conversion in each of 
the ethereal into molecular action, it is evident that 
each body would receive more impulses from all other 
directions than from that towards the other body. 
Consequently, the -masses would move in the line of 
least resistance, and therefore approach each other ; 
in other words, would gramtate towards each other, 
or, if each were already moving, would revolve around 
each other, as the Moon and Earth do around their 
common centre of gravity. 

It has been proved mathematicallythat the effect of 
one body thus shielding another by the interposition of 
their respective masses, and the absorption of the mo- 
tion of the ethereal atoms into the said masses inpro- 
portion to the tnolecuUs of the masses, would be that 
the pi-essure forcing them together would be directly 
as the mass, and inversely as the square of the dis- 
tance between their centres, which coincides with the 
Newtonian law of gravitation. When three bodies 
inst«ad of two are in a straight line, as, for instance, 
when the Sun and Moon are on the same side of the 
earth, their so-called attraction upon the earth is the 
sum of their separate action, as practically shown by 
the increased height of the tides then formed — the so- 
called spring tides. The movement of the Ether atoms 
would be absorbed by each body in proportion lo their 
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mass and the square of their distance, leaving fewer 
in motion between their centres. 

Objections may be made to the ethereal cause of 
gravitation, such as the possibility of excessive heat 
being evolved by the stoppage of the Ether atoms, 
and it may be asked what would be the ultimate dis- 
posal of the atoms ? In reply it may be said, tliat 
there is the manifestation of heat in the earlb below 
its surface, beyond the reach of solar heat radiation, 
the temperature increasing one d^ree F. for eveiy 
increasing depth of 100 to 200 feet, according to loca- 
tion ; tliough deep sea soundings show that the bottom 
water at a depth of five to six miles has only the tem- 
perature of the maximum density, about 38° to 40° 
F. It must be remembered tliat the increase of 
heat should be from that of the oAsof'UJe awo 
(— 273" C. — 460° F.), not fi-om our atmospheric 
conditions. 

The ultimate disposal of the atoms and of thdr 
motjon would be in causing, beside heat, the molecular 
motion in the mass, which all matter possesses ; also 
the electric phenomena already described and the 
electric currents that give rise to Magnetism. The 
atoms may in part or whole continue their course as 
Ether atoms, and finally emei^ from the ponderable 
body, moving as an Ether atom, but at a lower rate 
of motion, until ultimately brought into rapid mo- 
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tioa again by cootact with other normally Bwift- 
moving atoms. 

In the study of the mechanical forces a relation is 
established between gravitation and other forms of 
energy, by the assumption that " potential force," or 
the energfy of posUum, is possessed by a body raised 
to a position from which it can iall ; that the body 
holds potentially the energy that has been exerted 
upon it to raise it against gravitation, and which 
becomes again active in its fall. This enables the 
calculations to be made between the motion of a fall- 
ing mass and the heat produced by its fall, or the 
energy required to restore the mass to its former 
ele\'ation. But under the Atomic Ether theory it 
should be looked u^xin as the measure of the eairgy 
expended to resist the impulsive or gravitic action of 
the Ether atoms. " Potential force " serves to form 
a " working theory," as the phlogiston theory served 
a useful purpose in its time, until the discovery of 
oxygen and the true theory of combustion displaced 
it. Ever since then men have wondered that so simple 
an explanation remained so long unknown. 

The brilliant experiments of Prof. H. Hertz, of 
Karlsruhe, "Ueber Strahlen elektrischen Kraft 
(Sitzensberichte der K. Preusseriischen Akademie der 
Wissenschaften," Dec., 1888), have established the 
ideality of the movements of the electric waves with 
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those of liglit ; or, as Hertz modestly stated : " Iteeeius 
to me that the above described experiments must 
serve to a great degree to remove all doubt as to the 
identity of light, radiant heat and electro-dynamical 
wave movements," Tliey also prove the existence 
of the Kther in which they have their being, what- 
ever may be its constitution, beyond the possibility 
of farther dispute. The radiant Magneto-Electric 
waves are of great length and relatively very slow. 
They are the source of the waves used in Wireless 
Tel^raphy, Many have thought that Gravitation 
depended in some way on Electricity, but tf is a 
phenomenon of the Ether — still unexplained. 

The Law of Parsimony in Philosophy should lead to 
the acceptance of the atomic theory of the Ether as the 
probable cause of gravitation j at least, until a bett«r 
and more satisfactory solution of the problem can be 
su^ested. It is, moreover, the only theory that is 
plausible, or even possible, so far as known. It 
should be borne in mind that it was long after New- 
ton's time that the difficulties in his theories of light 
and of the laws of gravitation were reconciled ; that 
the erroneous views that even lie held were cor- 
rected and the tnith of his main laws established, and 
it may so prove in this case. Thus the determination 
of the problem, " What is Gravity ? " has not yet 
received a generally accepted answer. That it is the 
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result of molecular movement in the EUier is more 
than probable — ^it is almost a certainty ; but as New- 
ton delayed ttie acceptance by bis own mind of the 
operation of the laws of gravitation until the actual 
diameter of the earth was truly ascerl^ned, corrected 
the apparent discrepancy in the calculations of the 
moon's orbit, and finally established the truth of bis 
theories, so must the " Nature of Gravity " wwt for 
further knowledge before it can befinally removed from 
the realm of occult causes, and brought within the com- 
prehension of the human reason. Until this is done 
the doctrine of the correlation of forces is incom- 
plete, and the action of gravity remains as an nnez- 
plained anomaly in our philosophy. 
l6o 
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CHAPTER XIII 

CONSTITUnOS OF MATTEB — CHEMrSTRY — ^THE ELE- 
UEKTS — PHLOGISTON THEORY — OXYGEN AND 
COHBUBTION. 

In the short sketch given of the history of Al- 
chemy it was noticed that this pseudo-science, vain 
in its purpose and futile in its ends, bad yet en- 
riched the world with many discoveries of the proper- 
ties of matter tliat otherwise would long have re- 
mained unknown. This knowledge, though, was a 
heterogeneous mass of disconnected, unsystematized 
&cts, imperfectly understood, and filled with mis- 
takes and errors. The idea that the base of all sub- 
stances was one— tlie formless matter, inert and 
without properties; in itself ignoble and of degrad- 
ing nature, unworthy of study or examination — was 
universally held. It still exists, often unconsciously, 
in the minds of many metaphysicians and theolo^ns. 
The word "Materialistic" is still a term of oppro- 
brium. The four elements — earth, water, air and fire 
— were thought to be the cause of the " accidents of the 
substance to which its respective properties were at- 
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tribiite<], and the change of one of the four elements 
fur another could give rise to quite another body. 

Robert Boyle (1627-1691) was the first to deny 
that the composition of matter was dependent either 
on the four elements above named or upon the Sul- 
phur and Mercury of ParaoeUus, and to surest that 
"all substances that could not be chemically sepa- 
rated into other constituents were elements." This 
definition of an dement is adhered to at the present 
day. Boyle maintained that Cliemistry should be 
studied not only for its uses in alchemy or in phar- 
macy, but for its own sake, as a branch of Natural 
Science. He should be considered as the Father of 
Chemistry viewed as a true Science. 

The next great forward step was Stahl's (1660- 
1734) Phlogiston theory, which, although entirely 
erroneous, and ultimately abandoned, served a useful 
purpose in holding together for the time facts that 
were otherwise disconnected, and in affording a work- 
ing hypothesis, until greater progress disclosed its 
errors and submitted the true theory of combustion 
in place of the erroneous one. 

Stahl's theory was, that combustion was caused by 
the combustible substance parting with its Phlogiston, 
which was thought to be a constituent of such bodies, 
the phlogiston escaping in tlie shape of flame ; in the 
case of a metallic body leaving behind either a calx, 
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an acid, an earth or aeh-Uke substance, which was 
supposed to be the really pure substance. When the 
latter was united with phlt^iston it formed the metal, 
the sulphur, or other combustible. Sulphur, for in- 
stance, being the compound of sulphuric acid and 
phlogiston, etc The phlt^iston, when escaping into 
the air, was absorbed by plants and animals, either 
directly or indirectly, and became the source of heat 
and life to man. It was soon found that a metal 
when burned, Mercury, for instance, yielded a calx 
(an oxide) tliat weighed more than the metal and 
I^IogistoQ did originally. This was accounted for 
by attributing native gravity, or a principle of 
li^tuess or levity, to the phlogiston, and found sup- 
port in the fact that the flame from burning matter 
ascended in the air. Absurd as this theory now seems 
to us, it commanded general assent for many years, 
and retained its adherents even after the discovery 
of oxygen and the true phenomena of combustion. 

In 1755 Joseph Black (1728-1799), of Edinburgh, 
described the preparation of "fixed air," or carbon 
dioxide. Until this time all gases were looked upon 
as being identical with air. No diflFerence in nature 
or properties were known to exist. Black showed 
that the gas obtained by heating Carbonate of M^- 
nesia was the same as that produced in combustion, 
in breathing, and in the fermentation of beer, and 
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liad properties eDtirely difiereDt from those of Eitmos- 
pherio air, being what was known heretofore as 
" fixed air." 

Joseph Priestley (1733-1804) pursued these investi^ 
gatioDS into the nature of gases aud into the composi- 
tion of the atmosphere. He found that when chanxtal 
was burned in a closed vessel containiog air, and the 
fixed air thus produced was then absorbed by lime 
water, the volume of the air was diminished by one- 
fifth, and the remaining four-fifths \rere no longer 
capable of supporting combustion or respiration. 
This remainder he considered to be pblogisticated air, 
since it had no longer an affinity for phlogiston. In 
1774, by heating the red oxide of Mercury (the "Hy- 
dragyrum precipitatum per se" of the Alchemists), 
he obtained a gas which be thought was entirely free 
from phl<^Bton; it eminently supported combustJon. 
He considered it to be dephlc^sticated air. This was 
the all-important discovery of oxygen. It is well 
worthy of notice that neither Priestley, Cavendish 
nor Scheele, each of whom occupied himself with 
and extended his investigations into the properties 
of oxygen, ever gave up the phli^ston doctrine, or 
accepted the true philosophy of combustion. 

This shows how difficult it is to displace erroneous 

views from the minds of men, who have found therein 

a satis&ctory explanation of the facts as they were 
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then known, even when Aey themselves have fiir- 
nished the new facts that establisljed another theory, 
irresistible to minds that were free irom the bias of 
earlier convictions. 

Notwithstanding the known existence of Oxygen, 
tlie nature of combustion remained thus misunderstood 
until Antoine LaureKt Lavoisier (1743-1794) 
announced his theory thereof. In 1777 he gave to 
the Academie des Sciences his memoire on "Some 
substances that are constantly in the state of aeriform 
fluids at the normal temperature and pressure of the 
atmosphere," This was the first study of the dis- 
tinctive nature of gases. This was followed in the 
same year by his paper on " The constitutive pnn- 
oiple of heat known as Caloric." In the above, as 
well as in the number of later contributions to tlie 
Academie, he expoundet] liis theory of combustion, 
which taught that "A body can burn only in air 
holding oxygen (pure air)." By combustion, light and 
heat — wliich were thought to be subskmcea, but im- 
ponderable — became free, whereby the Oxygen that 
had l)een previously with the Caloric was consumed; 
the air thus losing in weight as much as the burning 
body gained, and, that the latter, by its union with oxy- 
gen, formed an acid, or, if a metal, a metallic calx. 
He also recognized the role that oxygen plays in 
respiration, whereby the blood in uniting therewith 
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is in part consumed ; the constitueDts of which must 
be restored later .by the nourishmeDt taken. He 
agreed with Boyle that only the eubetances capable 
of demoustratiou, and that could not be further sepa- 
rated into their owD constituents, should be cousidered 
as elementary. To Lavoisier is also due, in common 
with Guyton de Morveau,* the establishment of the 
new chemical nomenclature. It replaced the strange 
and often absurd names inherited generally from the 
language of Alchemy, hy a clear, simple and distinc- 
tive terminology, that usually carried its deGnition iu 
its name. 

In 1789 appeared Lavoisier's "Traitedementaire 
de Chimie," in which tlie new views of the science were 
set forth in the most admirable and convincing manner. 
The plates explaining the apparatus he had contrived 
for his experiments were drawn and engraved hy his 
Wife, who, Cuvier states, " had understood and sec- 
onded him in his labors, and whose precious qualities 
were the charm of his life." 

Lavoisier commenced in 1793 to gather together 
his memoirs, which were scattered through the records 
of the Academic for over twenty years, and to arrange 
them consecutively, according to the nature of his 
discoveries. Four of the volumes were each partly 

• 1737-1819. The discoTerer of the deBtruotion of Typhus Fotbt, 
of Jail ferer gerniB, by sulphur and chlorine fumigation. 
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printed, when he waa arrested as one of the " Fermi- 
eres Genentnx," or Eeveniie CommisBionera, by the 
revolutionary tribunal, and, although the administra- 
tion of his duties in the collection of the national 
finances bad not only been without blemish, but of 
singular advantage to tliose within bis charge, he was 
guillotined with twenty-eight other " Farmers Gen- 
eral" May S, 1794. He asked for a delay of several 
days, in order that he might complete for the benefit 
of humanity the arrangement of bis memoires, but 
the Chief of the horrible tribunal savagely replied : 
" We have no use for Savants." Lavoisier was only 
fifty-one years old. What discoveries might he not 
have made had he lived longer 1 As Lagrange truly 
said : " It only required one moment for the execu- 
tioner to cut off such a head; but centuries may roll 
by before another like it is produced," 
167 



DoiizccbvGoogle 



CHAPTER XIV 

THE ATOMIC TQEOBY OF MATTER — JOHN DALTON'S 
LAW OP DEFINITE PBOPORTIONS — THE INDB- 
STRDCTIBILrTV OF TQE ATOHB — HOLBCULAB 
POftMATIONS — CBY8TAUJZATION. 



We have liad occasioa several times, m speaking 
of the views held of the physical nature of matter 
both by the ancient writers and among modern ones, 
to refer to the atoms, and to the theories in wliidi 
they played an important part. In all of the above 
instances they were supposed to be of one and tlie 
same nature; the use made of them required them to ■ 
be solid, hard, elastic and imperishable ; but Dotliing 
had been shown that required these atoms of matter 
to be essentially different one from the other, or from 
the negative qualities that the ideas of Democritus, 
Lucretius, or even the Aristotelian conception of the 
Scholastics had formulated. When Boyle, and later 
when Lavoisier, had realized the existence of va- 
rious elements, new ideas arose. The use of an 
accurate balance in the examination of substances 
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showed that definite relations existed between tlie 
weights of the constituent elements, 

Charles Frederic Wenzel (1740-1793) found that 
the amount of basic oxides required to form neutral 
salts with a given acid was proportional to the weight 
of the oxides required to saturate one and the same 
amount of another acid. These results he publbbed in 
1777, The law of definite and multiple combinations 
\ra8 not, however, finally and indisputably established 
until the publication of Dalton's Atomic Theory of 
Chemistry reduced to order and simplicity the pre- 
viously disconnected aud unexplained phenomena of 
chemical combination. 

John Dalton (176&-1S44), mathematician, phyiu- 
cist and chemist, wus tlie son of a weaver of woolens, 
in very poor circumstances, at Eaglesfield, in Cum- 
berlandsbire, England. He and his parents belonged 
to the Society of Friends. He was sent to a school 
near his home, kept by one of his own sect, at an 
early age. When the boy was less than twelve years 
old his teacher told his father that be could teach 
him nothing more, and urged him to send him where 
his rare abilities could receive the benefits of a Uni- 
versity culture. This bis &ther could not do; he was 
obliged to keep him at home to assist him in his work. 
For two years he thus remained, and, in order to re- 
tain what he had learned, he taught in the winter 
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evenings at a school competed of his former ai 
all older than himself, as much as be had been able 
to leara. When he was fifteen, he was called to Ken- 
dal by a eousin who had a school there, and placed 
as second in charge thereof. Here he acquired 
knowledge of the Latin and Greek authors of an- 
tiquity. In Kendal resided a Mr. Gough, a man of 
fortune and of distinction, who, although blind, was 
devoted to scientific study, and lived surrounded by 
his books and philosophical apparatus. Under his 
instruction, and by assisting in his experiments, Dal- 
ton acquired that taste and power for the observation 
of the facts of natural science that led to the dis- 
coveries that have immortalized him. * This intimate 
connection between them lasted eight years. In 1793 
tlie town of Manchester founded a College, and ap- 
plied to Mr. Gough fur a Professor for the Chair of 
Mathematics, and Dal ton was appointed to it. 
Among his first contributions to science was a paper 
upon the " Vision of Colors," in which he described 
an aberration of sight, color blindness, from which be 
suffered. He could not distinguish between red, 
purple and blue. This affection of sight has since 
been known as " Daltonism." He thought this con- 
dition was due to the color of the fluids in his eyes. 
By his direction, his eyes were examined after death, 
and the crystalline lenses were found to be slightly yel- 
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low J but, neverthelesg, on trial, objects viewed 
through the same appeared to preserve their natural 
color. 

Dalton devoted hia life to the study of natural 
pheuomena. He made more than 200,000 observa- 
tions on the conditions of the atmosphere ; he detei> 
mined conditions existing between rain and the dew ; 
the d^ree of heat and cold produced by condensa- 
tion of the air, and many other meteorolc^ical investi- 
gations. , 

In 1801 he Bu^ested the probability that all gases 
could be reduced to the liquid state under suitable 
conditions of low temperature and strong pressure. 
The last few years has proved the truth of his sur- 
mise ; all the gases have been liquifie<l and all solidi- 
fied. In 1801 Dalton published his " New System 
of Chemical Philosophy," in which he showed tliat 
the elementary substances consisted of atoms, peculiar 
to each element, that united with the atoms of the 
other elements in exact and definite proportions; that 
these ratios were constant and absolute for each sub- 
stanoe ; the elements uniting with each other only in 
these propoiiions, or, in some instances, in a simple 
multiple thereof. To eadi of the simple elements, or 
the atoms thereof, he assigned a certain relative weight, 
for which be assumed the weight of an atom of hy- 
drogen (that element haviug tlie lowest combining 
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DDDiber known) as unity, all the oUier elements being 
simple multiples thereof. The elements, when uniting 
with each other and forming new compounds, did so 
only in the ratio of these combining numbers. If a 
greater proportion of either of the constituent elements 
were present than formed these ratios, the excess 
thereof remained unaGfected and unchanged. The 
number of these elements then known (1810) were 
about forty-five, tliongh some of them as yet existed 
only as oxides, or otherwise in combination. This 
theory, like most new ones, met with many opponents, 
but he lived to see its general acceptance. Dalton 
never marrie«l. He said " he never liad time to get 
marrie<l." He died July 27, 1844. 

Modem Science has grouped the atoms of Dalton 
into two classes of molecules. One formed from the 
union of two or more atoms of the same elementary 
nature, but constituting a body with other properties 
than those of the single atoms — such as the union of 
tliree oxygen atoms to form one of. ozone ; the other 
from the union of two or more dissimilar elementary 
atoms into like groui«. Thus the two atoms of 
Hydrogen and one of Oxygen form one molecule of 
water. Generally speaking, the new body thus 
formed possesses no anal<^ to the properties of its 
constituents, 

ISie labors of Berzelius, Gay-Lussac, Av<%adro 
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and Ampere established the facts tliat the numbw of 
molecules in equal volumes of all gases are the same. 
This served as the points of departure for the dis- 
covery of the relation between tlie gaseous state and 
volume of tlie elements, and their chemical and atomic 
relations, that in the last forty years have dianged 
the nomenclature as well aa (he theories of chemical 
afBnities. The various systems by which it was showo 
that the molecules were grouped — viz ; tlie Dualistie, 
the theory of Radicals, the Substitution theory of 
Gerhardt and Laurent, and Gerhardt's theory of 
types — each contributed in turn to the advance of 
science, being complemeuted finally in the theory of 
the Valences of the elements. By this it is shown 
how chemical combinations are formed ; new mo- 
lecular groups with their distinctive properties may 
be predicated, and at the same time it is made evident 
why the atoms cannot enter into every desired com- 
bination, and why certun grouping of molecules must 
be impossible. 

Of the cause, or rather of the nature of chemical 
affinity, we have no conception. We know tliat cer- 
tain elements or molecules have the quality of unit- 
ing with certain other molecules with great enei^ ; 
that they displace other molecules to do so ; hut what 
this affinity is, we know not. 

The combinatJoDS of atoms into molecules, or the 
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affioities of cheoiical attraction, at least as we know 
tbem, seem to exist only within a very limited range 
of temperature. At low' temperatures — such as that 
at which the atmospheric air liquifies (312 de- 
grees below xero F.) — chemical action almost ceases. 
Even Fluorine, which ordinarily sct« ho energetically 
upon all other subetaticee as nearly to deserve the 
name of the Alkahest or universal solvent — the mar 
terial souglit for by the Alchemists of old — is without 
action upon all bodies, excepting Hydrogen and some 
of its organic compounds. Probably even this ac- 
tion would cease with still greater cold. At a very 
high temperature, sucli as a white heat, most inoi^nic 
compounds are dissociated into their com|ionent atoms. 
To effect many changes of affinities it is necessary to 
raise the respective molecules to a higher temjierature 
than that normally existing, when the increase of heat 
alters the pre-existing affinities. No diange in 
chemical com{Kisition takes piace without a simul- 
taneous evolution or absorption of heat, a mani- 
festation of electrical phenomena, or of both pbe- 



When the change in the combination of the mo- 
lecules begins, it is ollen attended witli so great a de- 
velopment of heat as to raise the surrounding mo- 
lecules to great activity, and to propagate the action 
tluvughout the mass of the molecules in contact 
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This, in tlie union of carbon, hydrc^n or the com- 
pounds thereof with oxygen or atmospheric air, con- 
Btitutes tlie phenomenon of ordinary combustion. The 
respiration of animals is of tbe same nature. Tbe 
carbon and hydF(^en constituents of the blood are 
brought in contact in the lungs with oxygen and con- 
verted into Carbon-Dioxide and water. Heat being 
evolved to the same extent, but not with the same 
intensity as in ordinary combustion. When the mo- 
lecules of the one body are surrounded by, but not 
mixed with, the molecules of tbe other, the chemical 
action being limited to the surface only of one of the 
bodies, the change in combination is gradual, pro- 
ceeds slowly and without violence. If, on the con- 
trary, such molecules are intimately mixed ti^ether, 
as coal gas when mixed with air, or if oxygen is held 
in such a combination that a slight rise in tempera-, 
ture will set it free, as it is in the saltpetre contained 
in gunpowder, the chemical action is transmitted al- 
most instantly throughout the mass, causing a violent 
and destructive explosion, with intense heat and 
. consequent expansion of the gases formed, into many 
hundred times the bulk of the pre-existent masses. 

The many myriads of sul>stance8 — solid, liquid or 
gaseous, mineral or oi^nic, inanimate or having 
life — that are met with in this world, and we have 
reason to believe in the thousands and millions of 
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otlier worlds, shown to ob b; the stars id the heavens 
around us, all are composed of the grouping together 
into molecules of two or more of the atoms of about, 
sixty-eight different elements. Of these, fifty are 
metals, one-half of them so rarely met with that 
even most profes»onal chemists have never seen them 
or their compouuds. In the inanimate world that 
we are &miliar with, not over twenty-five enter into 
its composition. In the living animal or vegetable 
world still fewer — only about fifteen-^^re ever present. 
It is very seldom tliat even one-half of this number 
occur. 

In regard to the compounds constituting tbe in- 
oi^nic world we may he said to have a pretty ac- 
curate knowledge of alt that form the outer cmst 
thereof, though we may find and do find from year to 
year some rare substance that we cannot prove to be 
composed entirely of the known elements, or that 
contains some substance with new properties that we 
cannot separate into still simpler atoms. This dis- 
tinction of properties between the elementary atoms 
of one body and those of another is absolute and in- 
variable. The atoms of each on£ kind are absolutely 
the same, unchangeable and indestructible. It is 
impossible tp create them by human means, and it is 
impossible to destroy tliem. Each atom may group 
itsdf with others like itself to form molecules of 
176 
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solid, liquid or gaseous bodies (according to the de- 
gree of heat present), or one atom may form with 
one or more dissimilar atoms, other molecular bodies 
of like variable physical conditions ; but in all com- 
binations whatever, the mass of the new body or bodies 
formed are the exact sum of the simple atoms that 
pre-existed. When bodies are separated, decomposed 
or apparently destroyed by fire or otherwise, the 
atoms, if collected, whether singly or in the shape of 
new combinations, will exactly equal in the ^gregate 
the weight of those that constituted the former and 
original substances. Matter is indestructible. It 
cannot be created, nor can it be destroyed. 

When a solid, inotganic substance is slowly formed, 
either from the slow condensation of a vapor into a 
solid ; by the cooling or the evaporation of a solution 
of a solid; or, finally, by the cooling of a mass brought 
into the liquid state by fusion, it is usually found that 
the solid thus produced possesses definite form. The 
sides, or plane sur&ces, and angles uniting them 
are definite, constant and peculiar to the particular 
substance in question. This is the phenomenon of 
crystallization. In a few instances the substance 
possesses polymorphism; that is, it crystallizes in two 
or more forms not belonging to the same system. 
This seems to be dependent upon varying conditions 
of temperature in its formation, or on the presence 
la 177 
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of foreign salts. On the other band, iostances of 
isomorphism are not rare where difiereot ciystals, 
having their sides and angles nearly or quite equal 
one with another, yet differ in tlieir chemical oonsti- 
tutioD. Generally, however, tlie crystaline formation 
is a true index to the chemical compositjoa. The 
same characterietics apply to many substances, de- 
rivatea of or^nic structure. The deviation pro- 
duced by certain crystals — IceUnd Spar, Tourma- 
line, ete. — upon a ray of light has already been 
noticed. The closest relations exist between the main 
geometrical axis of many crystals, the optic axis of 
refraction and the transmission of heat, light and mag- 
netism. Whether these relations depend upon the 
properties of the Ether, upon the chemical affinidee 
of the atoms therein, or solely upon the geometrical 
form and construction of the crystal, are as yet un- 
solved problems. 

178 



DoiizccbvGoogle 



CHAFTEB XV 

ACTION OF CHEMICAL AFFINITY— GALVANIC AC- 
TION — UAONBTISM — BLECTBICITV — KATHODE 
AND bOnTQBN bays — PEBSISTENCE OF ENEHQY 
— 80LAB HEAT, THE 80UECB OF ALL ENERGY — 
OBIGIN OP SOLAR HEAT — ACTION OF THE BTHBH 
— DISSIPATION OF ENEEQY — ENTBOPY. 

The phenomena of chemical affiaitiee may mani- 
fest themselves in different ways. Apart from the 
etkct produced upon a single elementary substance 
by tlie action of heat, light, or electricity^ such as the 
fusion of a metal, the development of magnetism in 
iron by an electric current, or the phosphoresoenoe of 
certain subetances after exposure to light — which are 
rather physical than chemioal phenomena — nearly 
ail chemical changes of combination are caused by 
variations in the action of the above-named forces. 
These alterations in affinities may be : 

Ist. Simple disruption of the molecules, as when 
oxide of mercury is resolved by heat into mercury 
and oxygen. 

2d. The simple union of the atoms or molecules of 
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two elements, as when Bulphar and iron when heated 
form iron sulphide. 

3d. Decomposition hy suhetitution. When to a 
BubstSDce compoeGd of two or more different atoms 
or molecules the molecules of a third substaoce are 
brought, whoee affinities for one of the constituent 
molecules of the first substance is stronger than that ex- 
isting between the molecules already in comtnoation, 
then the third element will displace one of tlie former, 
setting it free. Thus zinc, when added to hydro- 
chloric acid (a compouud of chlorine and hydn^n), 
will unite with the chlorine, forming Zinc Chloride, 
displacing tlie hydrogen, which escapes in the free 
state. 

4th. Double decomposition. When to a snbstance 
composed of the union of two different molecules is 
added another substance whose two component mo- 
lecules have stronger affinities for those that compose 
the former body, there will be formed new bodies 
from the mutual interchange of the molecules respec- 
tively of the two original substances. For instance, 
when a solution of silver nitrate is brought into con- 
tact with a solution of sodium chloride, tlie result is 
the formation of sodium nitrate and the precipitation 
of the insoluble Silver Chloride. 

As already stated, the changes of chemical affinity 

are accompanied or caused by the manifestation of 

tSo 
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lieat and electricity. This is especially the case with 
the action described under (2) and (3). In a similar 
uauner chemical changes are dependent usually npon 
the action of heat and electricity. These relations 
and the nature of chemical affinity may be to some 
extent explained as follows : 

" The atoms of all ponderable matter are in con- 
stant motion. Upon the rapidity and extent of this 
motion depend its physical condition, whether it is 
to be solid, liquid, or gaseous. Every force which 
alters the vibrations of the atom must also change 
the properties of tlie matter^ since these properties 
depend upon the movement of the atoms. Besides 
ponderable matter, there exists the imponderable ether, 
whose atoms are in continuous motion and whose 
vibrations produce tlie phenomena of heat, light and 
electricity. These vibrations can transplant them- 
selves as such into the atoms of ponderable matter, 
and thereby cause a change in the nature of the molec- 
ules, thus producing chemical action. For instance, 
when light falls upon Silver Chloride, the latter be- 
comes black, and a part of the light as such, disap- 
pears. This is because the rapid vibrations of the 
Ether are transformed into slower vibrations which 
they share with those of the material atom, and which 
manifests itself by the decomposition of the Silver 
Chloride. In other instances, the character of the vibra- 
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tion, whether that of electricity or heat, will alter the 
condition of the vibrating atomic combination. Thie 
action may express itself ss cbange of temperature, 
change of state of aggregation, or as chemical changes. 
The phenomena are always the consequence of an in- 
crease or diminution of the active energy of the pon- 
derable atoms, which corresponds to a diminution or 
to an increase of the active energy of the ethereal 
motions. Like alterations of movement occur in the 
chemical processes of combination and of double 
decomposition, which are produced by the force of 
affinity; that is, by the effort of heterogeneous atoms 
to carry out their vibrations in accord with each other. 
The alterations in the active force of the material 
atom must correspond to those of tlie active force of 
the ethereal atoms. Usually this alteration manifests 
itself as the development or absorbtion of heat. Thus 
it follows that a chemical reaction is analagous in its 
abstract nature to a change in the pkyNcal state of 
a^regation in the molecules of a body."* 

Chemical Action is effective at very small dis- 
tances only. The molecules must be in actual con- 
tact, or no changes of affinities are manifested. "When 
a plate of Zinc is placed in a dilute solution of Sul- 
phuric or other mineral acid, a lively effervescence 
occurs. The Zinc dissolves in the acid, the solution 
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grows warm, and Hydn^n gas is freely evolved from 
tlie Zinc surface, causing the efferveecence. If the 
Zinc plate be connected by wire, in or outside of the 
liquid, to a Copper plate immersed in tlie same solu- 
tion, but the plates not in contact, it will be found that 
the gas will no longer be evolved from the Zinc plate, 
but will be from the Copper one. The Zinc plate 
nevertheless, will dissolve more rapidly; the Copper 
plate will suffer no loss or change; but will be found 
charged with ^ofStvce deetricUy. If the wire be cut 
in the middle and the ends kept apart, the prior exist- 
ing conditions will return. On bringing ^ain the 
freshly cut ends together, when nearly in contact a 
spark may be seen to pass from one to the other. The 
condition will be again reversed, and the charac- 
teristics of the Electric current are manifested. This 
constitutes the simplest form of the voltaic battery. 
By examination it is found that for every' molecule of 
Zinc dissolved a constant quantity of Electricity is 
produced, which in its turn can be converted into 
equally constant degrees or quantities of heat, of light, 
of mechanical motion, or be made use of to effect the 
decomposition of metallic salts in solution that will 
be alike constant in ttie amount thus decomposed. If 
the process be reversed and a current of electricity, 
however produced, be transmitted to metallic plates or 
objects connected as described, and immersed in a solu- 
185 
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lion of metallic salts, copper or silver salta for instance, 
tlie salt will be decomposed and the metal deposited 
upon the surface of the object attached to the Kathode 
or u^ative pole, plate, or wire corresponding to the 
Zinc elements of the battery — a copper plate, if a 
copper or silver salt be used, constituting the anode, 
tbe opposite or positive pole. Thus also the chemical 
action between the metal and acid may be used for 
producing light or heat by the electric current, or it 
may be used for causing mc^netic attraction between 
the poles of the electro-magnet and its armature in 
a Dynamo, thus giving rise to mechanical motion. 
Mechanical motion again in its turn, when applied to 
a dynamo, generates m^ncto-electric currents that 
will produce chemical combinations or decompositions, 
heat, light, and all the other phenomena above-named. 
The phenomena of Magnetism — undoubtedly one 
of the forms of Electricity and of tbe ethereal medium 
— are yet very imperfectly understood. The natural 
Magnet, the Lodestone, early attracted attention. 
Plato thus speaks of it : "A divine power, whicb 
moves you, like timt in the stone which Euripides 
calls tlie Mi^nesian, but the common people Hera- 
clean. For this stone not only attracts iron rings, 
but it imparts a power to the rings, so that they are 
able to do the very same tbi ngs that the stone does, and 
to attract other rings and sometimes a very long series 
184 
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of iroD rings hung ODe from aootber ; but from diat 
stone depeods the power in all of tliem." (Plato's 
Ion,, Sec. 6.) 

The stone tlius described is essentially one form of 
the Black Oxide of Iron (Fe. O. Fes.0,), the magnetic 
iron ore of tlie Irou Mastei-s. It was early known 
that the Lodestooe could confer properties like ite 
own upon rods or strips of steel by being drawn 
thereover frequently in one direction. After which 
the rods would show polarity. If hung Lorizontally 
so as to turn readily, the same end would always 
point towards the North. The Chinese noticed the 
phenomenon, and used the Magnet in navigation many 
centuries before the Europeans invented the Mariner's 
Compass. The property of polarization referred to 
above is due to the fact that the globe of the earth is 
influenced by thermo-electric currents, Induced by ifa 
diurnal revolution and consequent variation of temper- 
ature, and also by other causes. These currents flow in 
lines parallel to the Equator. A magnet when within 
an electric field will always place itaelf, if at liberty 
to move, at right angles to the direction of the flow 
of the current, thus causing tlie positive pole of the 
magnet to point towards the North in a natural ter- 
restrial magnetic field. An electric field or current 
such as described surrounds a magnet, and will convert 
another piece or rod of iron into a magnet if placed 
.85 
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\a proper contact therewith. If the iron is soft — that 
is, jwre — the magDetistu will continue in it only so 
long as tliey are in electric contact; but if the iron 
is Aonj — that is, if it, like hardened steel, contains a 
small amount of chemically combined Carbon, and the 
contact be maintained for some time — the steel-like 
iron, will acquire permanent magnetism equal to the 
original magnet, though the latter will lose none of 
its own. 

If an electric current from any source is caused to 
pass through an insuUting-covered wire (a conductor), 
making many spiral coils around a rod or other mass 
of iron, the iron, if soft and pure, will become a 
strong magnet, but will lose its m^netism instantly on 
interruption of the electric flow. On this property de- 
pends to a great extent the application of electricity to 
the dynamo, the tel^iraph and most of its other uses. 
If steel or hard iron is used in place of soft iron, it 
will acquire permanent magnetism. It is thus that 
magnets now are practically made. How or why the 
Black oxide of iron and why hard iron should pos- 
sess this strange power of retaining magnetism per- 
manently, themselves undet^iiig no chemical or 
physical change, is inexplicable. Within the last 
twenty years the application of Electricity and of 
electro-magnetism to new and important uses have 
been bo numerous as nearly to revolutionize the pro- 
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cedures of our daily life. They &r surpass any cor- 
responding advance in our theories or knowledge of 
the nature of Electricity itself. Very little has been 
discovered therein beyond Hertz's corroboration of 
Maxwell's ideas as to tlie non-instautaneous transfer- 
ence of electric and roagnetie forces, and the establish- 
ment of the identity of the phenomena of radiant light 
and electricity ; the waves of the hitter, or the electric 
vibrations of tlie Ether that transmit them, substan- 
tially agreeing in rapidity of transference through 
space, in reflection by a suitable mirror, in being dis- 
persed by a prism and in becoming polarized, with 
the similar phenomena of light waves; difiering only 
in the mucli greater length and slower movements of 
the waves of electricity. 

The importance of the practical adaption of electro- 
magnetism to the dynamic motor ; its use in the tele- 
graph and the telephone, are well known, but the 
details thereof are not within the scope of this writ* 
ing. The laSx and intereding discovery of the strange 
properties of the so-called X-raya, or the BSn^en raya, 
and of tlie closely related Kathode rays require that 
they should be noticed. 

The generating vessel of the Eathode rays and of 

the Bontgen or X-rays consists of a glass tube or 

bulb — the Bo-called Crooks' tube — into each of the 

opposite ends of which a platinum wire is inserted by 

1*7 
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the fusion of the glass. Means are provided whereby 
the air or other gas contained therein can be ex- 
hausted to ti&y desired extent ; if absolutely eshausted, 
DO electric current will pass. When the above-named 
wires are connected with the terminals of a Ruhm- 
korf 's or induction coil, whereby the rapid alternating 
currents of magneto-electricity are produced, electric 
sparks will pass through the partially exhausted tube 
BO frequently as to appear like a constant stream. 
The wire by which the current enters — the Anode — 
bears on its inner end a small concave Platinum disk. 
The opposite wire — the Kathode — bears either a 
similar disk or, if producing the Ron^ea rays (the 
X-raya), a small, flat plate, inclined at about an angle of 
forty-five degrees toward one side of the tube. When 
the aerial contents of the tube arc so far exhausted 
that only about one-millionth thereof remains, and 
the alternating secondary electric current is passed, 
the rosy light that first appears between the elec- 
trodes gradually retreats towards the Anode and finally 
disappears, whilst from the Kathode, the negative 
pole, a pale, bluish light spreads in increasing volume, 
and finally, though but faintly visible, fills the whole 
tube. These Kathode rays pass in straight lines per- 
pendicularly from the surface of the Kathode plate 
without r^ard to the relative position of the two 
poles. They can be deflected by a magnet — bent out 
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of their course. When the Kathode rays fall upon 
the glass walls of the tube they excite the glass to a 
vivid^ yellowish -greeu glow, but do not seem to escape 
from the tube. 

In 1895 Rontgen found that when he broagfat 
fluorescent substances, though enclosed in thick paste- 
board cases, near the tube they would glow with a 
phosphorent light, though no light from the tube 
itself was apparent. These invisible rays seemed to 
radiate Irom a certain part of the yellowish-green 
lighted surface. They were not Kathode rays, for 
they had not the cbaracteristic property of being at- 
tracted by the Magnet. For these new rays, that 
Kontgen provisionally called X-rays (unknown rays), 
all bodies are more or less transparent. They will 
pass through a thick book of 1000 pages, through thick 
blocks of wood, and even through metallic plates, if 
not too thick. The permeability of plates seems some- 
what dependent inversely upon their specific gravity. 
A plate of lead ^ inches thick is nearly impenetrable, 
wbileone of aluminum ten times as thick is penetrated. 
The X-rays are neither reflected nor refracted. The 
Bontgen rays, invisible themselves, cast the shadows 
of difficAiltly, penetrable bodies permanently upon the 
photographic plate, or, if falling upon a fluorescent 
substance, produce visible shadows thereon of Uie 
ilense body that out off their rays, the said rays pass- 
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ing almost aobiDdered through the thick Boft tissues 
that lie between. In either case they render iofor- 
mation and help to the Surgeon from unexpected 
and unlcnown sources that would have seemed like 
the fairy tale of a magician's power, if told of or pre- 
dicted a few years ago. 

The properties of the Eontgen lays are involved in 
those of the Kathode rays, for before escaping through 
the glass tube tbey were part thereof. The rays 
emitted from the Kathode consist of a mixture of 
varied nature. The larger jiart, those which become 
visible by impinging on the side of the tube, are 
stopped in their course by the walls diereof, which they 
heat by their impact ; they are deflected by a mt^et. 
They are emitted at right angles, perpendicularly to 
the surface of the Kathode plat«. If it is deeply con- 
cave, Uiey can be brought to a focus therein, where 
they will develop intense heat, and will even fuse 
Iridium, the most intractable of metals. They are 
not permeable to glass, but will pass through a thin 
plate of aluminum if forming a i^art of the tube wall; 
will escape into the air and there show a diffused light. 
They are thought to carry material corpuscles n^a- 
tively electrified. They appear to be of the identi- 
cally same cAorocfer irrespective of the -Mjiare of 
ilu ga» in the tube from which they originally came, 

J. J. Thompson and other investigators suggest 
190 
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that they may be atoms of primordial stuff, or par- 
ticles broken off from physical atoms. He estimates 
them to be excessively small — about 3/10-" of a 
gramme in mass (about three qoadrillions, or S-ooe 
million million million milUontliB of a gramme) — 
or about the one thousandth part of the size of an 
atom of Hydrogen. They have a trauslatory velocity 
of 40,000 kilometers a second (about 25,000 miles 
a second), rather less than one-seventh that of light.* 
Their character, size and velocities approximate those 
required for the molecules, or the Ions, in the theory 
of the Atomic structure of the Ether. It is, mote- 
over, opposed to all the known facts and established 
theories of Chemistry, to admit the possibUity of Atoms 
bdng broken,. The Ether is undoubtedly connected 
with its phenomena, but it is not generally accepted 
as an explanation thereof, though maintained by some 
— preference being generally given to the view above 
stated, i. c, that they are negatively electrified cor- 
puscles of material atoms.. Of the rays that have pas- 
sed through the sides of the glass tubes (the Hdntgen 
rays), thus separated from the other components of 
the Kathode rays, even less is known as to their 
actual nature. The important service that they have 
rendered mankind is iar in advance of any plausible 
theory of their nature. 

• Etfimated now (1901) to U about half that of Light 
191 
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The extraordinary properties poesessed by the na- 
tive ores of Uraniiim, its salts, and possibly some new 
elements that are associated therewith, offer pheno- 
mena that are unezplainable. They emit Bpontaoeously 
and continuously phosphorescent rays in many ways 
similar to the Kathode rays. They blacken tlie sen- 
sitized pliot(^raphic plate ; poesesa the power of fluor- 
esoence and of penetrating through solid matter, 
thou^ in a less degree than that of the Bontgen 
rays. No discoverable chemical change in their com- 
position uid DO apparent lose of weight has been de- 
tected. The are in every way an anomaly. It may 
be that Uranium, and possibly some element asso- 
ciated therewith in its native ores, possess as extra- 
ordinary relations to radiant light, apart from all 
dianges in chemical constitution, as metallic iron does 
in respect to electricity. Though long acquaintance 
has made us familiar with the phenomena of per- 
manent magnetism in a Horseshoe or other M^net, 
yet the cause thereof is unexplainable. 

As science has established the doctrine of the inde- 
structibility of matter, so it has demonstrated the in- 
destructibility of energy. No human power can create 
it, nor can human means destroy it. The permanence 
of enei^ and the correlation of forces have ceased to 
be theories. They are now the axioms upon whidi our 
philosophy is built, and the foundation upon which 
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knowledge and sdeoce rest By their help ooly can 
the Patli of Evolution ever be more fully knowa. 
These results have been obtained, not tli rough 
deductive reasoning from a-priori ideas or assumed 
premises, but by careful observation and repeated 
experiment. Tbey have shown that when any 
form of enei^, such as the motion of translation 
of a mass of molecular matter, or when that motion 
which constitutes beat, light, electricity or chemical 
action disappears, it is not lost, but reappears in one 
or more other forms, bearing an exact and definite 
ratio to the quantity of the force expended. Thus, 
when a mass of 772 pounds &ll8 to the earth from 
the height of one foot, its arrest evolves as much heat 
as would raise the temperature of one pound of water 
one degree F. ; conversely, one pound of water in 
&lling one d^ree in temperature will give off heat 
enough to raise 772 pounds one foot high. This 
relation of heat, height and weight is used as the con- 
daot under the name of "foot-pounds" with which 
to measure not only heat, weight and motion, but 
also as the standard with which to compare all other 
changes of enei^. 

It has been shown that all energy, or the mani- 
festation of all physical force on tlie globe is derived 
directly or indirectly from the radiation of heat and 
of light from the sun. All physical motion, for 
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iDstaiioe, the force of falling water is due to the 
evaporatioQ by 6olar beat of water from the ocean 
and its precipitation again as rain upon elevated 
groaiid, whence it flows or fells to a lower level ; the 
action of the wind is caused by the ascension of heated 
air; the power of steam is obtained by the combus- 
tion of coal or wood, the carbon of which iu early or 
in later times was stored up by the living leaves of 
trees, that solely, under the influence of the aufiUtght, 
absorbed and decomposed the Carbon Dioxide of the 
atmosphere; the muscular force of animal strength, 
that obtained its enei^ likewise through the vegeta- 
tive growth, under the sun's light, that gave the 
animal its food. Chemical action itself is dependent 
apon a certain degree of warmth, below which all 
change of affinity ceases. Even life in all its forms 
is only possible when the light of day and the heat 
thereof provides those conditions that are essential to 
the organic growth. 

, All the phenomena that nature presents are thus 
the manifestations of one power, brought to the earth 
by the Ether; it is uncreatable by man and by him 
indestructible. Protean in its form, in its essence it 
is inscrutable and unknown. Including within itself, 
as it must do, the mysterious enei^y of Gravitation, 
of which we know the laws of its action, but not yet 
surely its cause, it binds the inorganic Universe into 
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one whole, one macrocosm, revealing to our sense of 
sight on the one band, the intimate structure of all 
oi^anic bodies by means of tlie microscope, though 
not the atomB or even the molecules of ultimate mat- 
ter ; while, on the other band, it teaches us that there 
are innumerable worlds governed apparently by the 
same physical laws as our own world, but almost in- 
finitely distant. As Proctor has said of the stars ; 
" Beyond the limits of the highest power of the tele- 
scope lie thousands of millions more." 

The vibrations of the material atoms of the sun 
transmit to us through the vibrations of the ether 
the energy of light, of beat, and of elecricity ; but 
what causes the vibrations of the atoms composing 
the sun's matter? The photosphere is evidently 
intensely hot; but whence arises the heat? Com- 
bustion, or the results of chemical action, has been 
shown by calculation to be utterly inadequate to pro- 
duce and maintain its emission of heat. " If the 
whole mass of the sun was composed of coal, it would 
all be consumed in 6000 years." (Barker.) 

The conversion of the motion of aerolites into 
heat by their fall into and impact upon the sun prob- 
ably contributes a small but an insignificant and in- 
adequate portion. The generally accepted theory is, 
that the solar heat is due to the condmiaaiion of the 
ori^nally diffused nebulons matter of the sun's 
•95 
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mass apon itself, under the iDflueace of gravitatioii. 
Be the canse of gnivitatioD what it may — the impact 
of the ethereal atoms upoD the molecules of matter 
or some other uaknowD force — the heat«d gases and 
metallic vapors now constituting the atmosphere and 
outer portions of the sun, must be driven back towards 
tiie centre of tlie sun as the molecules of our atmo- 
sphere are driven ba<'k hy the same or other cause of 
grsvitatjon, and prevented from passing out and beiog 
lost in space. The heat of the sun caused by and per- 
sisting since the condensation of the original nebulous 
or disseminated state is augmented by the continued 
condensation of the molecular mass, and returns to the 
ether in the shape of the ?nobr xnbraiary motions of 
heat, light and electricity in the Ether as an twrfrapio 
mxAium, that energy which its individual atoms before 
exhibited in their inherent atomic motion, and ex- 
pended in the condensation of the sun's molecules by 
the arrest of tlieir own movement. 

There are evident reasons why gravitation or the ar- 
rest of the motion of the Ether atoms should here man- 
ifest itself princiiially as heat. The sun is the central 
body of the Solar System, by far exceeding the com- 
bined mass of all its planets ; it has, so far as known, 
no other motion than around the common centre of 
gravity of itself and the planets, with the rotative 
motion on its own axis, which motion, as well as any 
196 
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traoslatory motioD in a straight line that it may have, 
would, acconiltng to the laws of Inertia, require no 
expenditure of energy or maintaiuing force. The 
planets and their satellites, on the contrary, are con- 
tinually deflected from their normal right line motion 
hy the force of 'gravitation, or the ini|>act of the 
ethereal atoms, which, in the instance of this earth, 
is a force sufficient ta deflect the mass of the earth 
from a straight line into the curve of its orbit. The 
equivalent amount of energy expended on the sun, 
though divided proportionally between the planets 
and the sun in the ratio of their respective masses, 
would manifest itself in the sun as heat only, since the 
common centre of gravity of the sun and the planets 
is within the body of the sun itself; the latter 
having, so far as known, no orbital motion. It is 
certain that a lar^ part of the Sun — the photosphere 
— is in a highly heated gaseous state, which the rain 
of atoms constantly fidling on, or other cause of 
gravitation, must tend to drive in towards the sun's 
centre. This condensation of {wnderable matter upon 
itself must increase the temperature still higher, pro- 
ducing or maintaining thereby that dissociation of the 
elementary atoms that manifests itself by their incan- 
descent light, as well as by the dark Frauenhofer 
lines in the solar spectrum. The Ether finally 
receives back from the glowing sun upon its isotro- 
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pic mass of temporarily ftrrested and comparatively 
quiescent atoms tiie surplus enet^ given off by the 
8un, in the form of the short and intensely rapid 
transverse vibrations of radiant light and heat that 
pass through infinite space in all directions, a few of 
which reach our earth with the speed of 186,000 
miles a second, and bring to us Light, Heat and Life, 
Each far off star tliat we see at night, the nearest 
one 300,000 times more distant than our Sun, repeats 
this wonderful action under the like impulses of the 
Cosmic Ether, bringing without doubt to its planets 
— ever invisible to us — the like gifts of light and 
life. 

An objection made to the Atomic theory of gravi- 
tation is that " if one body (the earth, for instance) 
shields another body (the moon, or a falling stone) 
from the impact of the atoms between them, resulting 
in the movement of both masses iu the line of least 
resistance, this shielding of impacts would be in pro- 
portion to the half diameter of the respective bodies ; 
which proportion is incorrect, as gravitation is as the 
mass, or weight, not as the area." The protection of 
one body by the other would not l)e as the area, but 
as the mass. It is true that the respective bodies 
would shield one another in proportion to their half 
diameters, but the eflFect thereof would be in propor- 
tion to their mass. The Ether penetrates the intei^ 
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stices of all bodies, however great, and must, therefore, 
infoH only, pass through them, doubtlessly in Bome 
definite though unknown ratio. The Ethereal molec- 
ules would lose their motion in direct proportion to 
the number and nature of the moleeulcs in the riKiaa 
Hat absorbed their motion, being changed partly into 
molecular motion of the respective molecules, which 
are known to be in an actual state of vibratory mo- 
tion, and partly are changed into the translatory mo- 
tion of the mass of the planets ; whicli motions, from 
being naturally tangents to their orbits, are forced at 
right angles thereto into the curves of their ellipses. 
The impulsive action of the ethereal atoms would 
therefore diminish in the ratio that the respective 
masses of ponderable molecules absorl)ed their motion 
— not be kept off as rain-drope would be by an um- 
brella. 

The difficulty of accounting for the origin and 
muntenance of the inbereut motion of the atoms of 
the Ether in their free path is as great as in account- 
ing for the vibratory motion of the atoms of solid, 
liquid or gaseous matter, but not greater. It is the 
question concerning the First Cause ! To this quest- 
ion human intelligence can give no definite answer. 
It should be remembered, though, that it is more 
philosophical to assume that the Ether which pervades 
the uuiverse, extending far beyond those regions from 
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which the light of the most distaot star has beeo 
traveling to ua for hundreds of yeara since it was 
emitted, should be the birthplace and dwelling-place 
of primordial motion, rather than that each star, 
nebula or mass of ponderable molecules should be 
the original source of an independent, inborn eneigy. 

Whether the atoms of the Ether are or are not 
the cause of gravitation, we know that the ether is 
the conveyer to us of all other enei^ — that it alone 
is the occupant of infinite space — that it binds to- 
gether in one connected whole the infinity of worlds, 
the universe of matter. It reveals to us also that 
what we call matter is something known to ua only 
by the manifestations of forces, indestructible and 
eternal. 

If the difFiision of heat, as stated by Lord Kelvin 
and others, is absolute, and the consequent dissipation 
of eneigy (Entropy) irreversible — which it would not 
necessarily be if the atomic theory of the Ether is 
the true one — the Ether must ultimately receive as 
heat vibrations the total amount of heat emitted by 
the suns (stars) that has not been converted into other 
forms of energy, or that, having been so converted, 
i^in on its expenditure appears as heat of low 
intensity. We have no positive evidence from the 
knowledge or the history of the past, in astronomical 
records or observed &cts, that such dissipation and 
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loss of eolar energy has occurred. The rate of loss 
Diay be too low and historic time too short for the 
&Gt to be determined. In reference to this, J. Clerk 
Maxwell remarks: "The idea of dissipation of 
energy depends upon the extent of our knowle%e. 
Available enei^y is enei^ which we can direct into 
any desired channel. Dissijutted energy is energy 
which we cannot lay hold of and direct at pleasure, 
such as the energy of the confused agitation of mole- 
cules which we call heat (of low intensity). The 
notion of dissipated enei^ could not occur to a 
being who could not turn any of the enei^ies of 
nature to account, or to one who could trace the 
motion of every molecule and seize it at the right 
moment. It is only to a being in the intermediate 
stage, who can lay hold of some forms of energy 
while others elude his grasp, that enei^ appears to 
be passing inevitably from the available to the dissi- 
pated state." * Aooording to the one view here pre- 
sented, the atomic motion of the Ether is the b^'nning 
of all — the birthplace of energy. According to the 
other view, that of a solid Ether, it is its end and 
graveyard: Entropy! Which is it? 

• J. Clerk MftzireU. Edcj. Brit, eth Edit. Vol. T. 
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CHAPTER XVI 

OEOQNOST AND FORMATION OF THE RARTH'S 
CBDBT — RGSDHf: OF THE PAST PAQ£S. 

The Science of Mioeralt^y teaches us to read in 
the minerals that the cruat of the Earth exposes to 
us tlie records of past chemical actions that now rest 
quiet in their affinities; satisfied and permanent under 
the present conditions of temperature and atmospheric 
pressure. How many of these minerals were formed 
it is oilen impossible te conceive. In what way the 
Carhon of the Diamond, for instance, was enabled to 
ciystallize into the relatively large masses in which it 
is found is a problem hard te solve. The crust of the 
earth, so iar as accessible to us, is composed almost en- 
tirely of oxidized bodies ; the compounds of Chlorine 
with the alkaline metals, with Calcium aud M^- 
neeium — more rarely native Copper and the Metallic 
Sulphides being nearly the only exceptions. The 
great density of the earth, as a whole, compared to 
that of the materials forming the eruat — which alone 
is accessible to us, is as 5.5 is to 2.7, while water, 
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which constitutes two-thirds of the sur&oe has a 
density of only 1. ; proves that the iooer mass of 
the earth beneath the crust is composed of much 
heavier suhstacces than tlie crust itself. Afl«r 
making due allowauce for all possible increase of 
density by compression from the superincumbent ex- 
terior, it necessitates tlie view that the interior is 
formed by the heavier metals, with possibly some of 
their sulphides. The fallen a«x>lites by their analysis 
support this view, since most of them consist of me- 
tallic iron united with small percentages of nickel, 
cobalt and other metals, showing the absence of 
oxygen in their former state. Native or metallic 
iron is never found on or in the earth, excepting very 
rarely' in the form of small metallic grains in Ba- 
salt ; the latter a product of ejections of lava, or fused 
volcanic matter, from fissures in the rocks of the 
earth's surface. This condition of the heavier metals 
of tlie earth's interior is what might be expected from 
the theory of the earth's evolution, the high tempera- 
ture of the molten mass dissociating the elements, and, 
as the molecules cooled, permitting the denser and more 
condensible atoms to become the centre of the form- 
ing mass. After the earth became cool enough to 
allow the pi«sent conditions of chemical affinities to 
exist, the metals were excluded by their own mass 
from all but external surface contact with oxygen. 
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as well in its union with hydrogen — water — which the 
hot metals might decompose, as with the uncombined 
oxygen of the air, diluted hy the chemically indif- 
fereot Nitrogen, with which it is mechanically mixed 
but not chemically united. 

Carbon, which in ite first molecular condition was 
probably combined with Silicon, with Calcium or 
with the other metallic bases of tlie earth, as carbides, 
would next possibly unite with the oxygen or water, 
to form at first Acetylene, Methane, Ethane, or other 
carbo-hydrides, then later, with access of air, by com- 
bustion forming Carbon Dioxide, setting silica, or 
calcic hydrate, free ; perhaps also permitting the 
formation of Petroleum, while free oxygen was yet 
excluded from the nascent carbo-hydrides. The carbon 
dioxide formed would escape into the atmosphere. 
The farther cooling of the earth would permit the 
luxuriant growth of vegetation that, absorbing the 
carbon dioxide into plant tissues have ultimately 
yielded us the coal measures — the geoI<^ic condi- 
tions permitting also the formation of the limestones 
of the same measures irom the calcic and magnesian 
hydrates arising from the parent carbides : thus 
explaining in part the massive occurrences of calcic 
and magnesian carbonates in the Dolomites and 
other mountain ranges, whose immense deposits seem 
to require a geogenic theory for their primary occur- 
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teaiobf and are inadequately accounted for by tlic 
Becondary metamorpboees of coraliDe, sea sbell aod 
iofusorial growths. 

Tlie consideration of the anterior geognosy of the 
eartli, as well as its later geol<^cal evolution and 
changes, to fit it ibr the pn^ressive development of 
higher and higher forms of life, ia a subject so vast 
in its scope and so infinite in its details as to lie 
beyond the limits of our purpose. 

In concluding our view of inwgwm nature a short 
resum€ of what thus &r has been said of the Path 
OF Evolution of Humam Knowledge, may be of 
service. We have tried to show : 

1^. That before and during the time of scholas- 
ticism the eflbrts and time of learned men were 
almost exclusively spent in signing upon and en- 
deavoring to reconcile the disoordant views of tlie 
followers of Plato and Aristotle. 

2d. The Church had adopted the Aristotelian 
Philosophy (which was a mixture of the Platonic 
and Aristotelian doctrines) practically as a matter of 
faith, and rejected as heretical all theories that were 
discordant with — or that even discussed — the truth 
thereof. 

3d. Ab early as the Fifteenth Century, the theory 
that the Sun' was the centre of the solar system was 
maintained by some Philosophers. In the Sixteenth 
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Century it was demonstrated mathematically to be 
8 &ct, and was so held by those best competent to 
know. The Church, whether Catholic or Protestant, 
refused acceptance to its demoostratjon ; ignored it, 
or treated it as a heresy. In the Seventeenth Cen- 
tury Giordano Bruno was burned to death for main- 
taining the doctrine ; and Galileo for the same cause 
was imprisoned and forced to recant. 

4th. Until the time of Descartes, the minds of 
men, even without reference to the Church, were 
under the guidance of authority. What Aristotle 
taught was what others sought to know. Descartes 
threw away all old learning, and tried to think for 
himself. Better think wrongly than think only 
because others so thought 

6th. Science as yet was not. Chemistry was Al- 
chemy, and Astronomy was Astrolc^. All reasoning 
was deductive only. Lord Bacon first taught that ex- 
periments and observations should be made, and their 
results would lead to the axiom, or absolute truth, 
sought for. He dignified the search into the phenom- 
ena of nature, which before him had been thought 
ignoble and debasing. 

Sir Isaac Newton gave the first great demonstration 
of the value of this idea of science. His discoveries, 
not bis theories, gave new light to light itself, and 
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showed men the bonds that hold our world ia its 
place and coarse. 

6tb. The existence of the ethereal medinm was 
postulated by Newton as esseotial to the theory of 
light sod to the existence of gravitation. The 
theory of an interplanetary Ether has been held 
since more than 500 years B. c. The doctrine then 
rested on a-priori teasoniog only; since Newton's 
lime the study of the conditions of light, heat and 
electricity has necessitated the assumption that such 
a medium fills interstellar space and the interstices of 
matter. From the very nature of its supposed pro- 
perties it must be impossible te show its physical pre- 
sence; but the coincidence between the observed phe- 
nomena in the transmis^on of the three forms of 
energy above named, and the properties that such a 
medium would necessarily possess, are so many and so 
varied that the non-existence of the Ether seems 
impossible. 

The nature of the cause of gravitation, though 
most probably dependent also upon the Ether, or being 
one of its forms of motion, is still an undetermined 
problem. It is probable that the Ether possesses the 
characteristics of a gas, as known under the Kinetic 
theory, excepting that ite atomic motion is inherent 
in itself, and that its vibratory molar or isotropic 
ao7 
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motioD 13 the transfereDce of heat, light and electric- 
ity. It is not ponderable matter, 

7th, All substances are composed of atoms com- 
bined into molecular masses. These molecules are 
ID constant motion, their cooditioa varying from that 
of a solid, in which they have only vibratory motion, 
to that of a liquid, in which they have vibratory and 
also limited tranalatory motion, and to that of a gas in 
which they have " vibratory motion as a ooneistent 
molar substance, or mass, and also unlimited molec- 
ular, translatory motion. These three conditions are 
dependent upon that state of inter-atomic motion 
called heat. It is supposed to be absent entirely 
from all matter at the temperature of the absolute 
zero ( — 460 d^rees F.). By which absence of heat 
all bodies previously gases or liquids would become 
solids, and all vibratoiy motion in matter, such as 
beat, would cease. With the increase of the atomic 
motion of heat, the several st^es of fusion or 
liquidity, and of vaporization, or the gaseous state, 
appear. A definite amount of heat motion dis- 
appearing as heat in each change of state, being 
transformed into the increased molecular motion of 
the liquid or of the gas (with water 144 degrees F., 
in the melting of ice ; 965 d^rees F. in water when 
boiling). The molecules of a gas move constantly in 
right lines in all directions until they meet in colli- 



DoiizccbvGoogle 



SUHfMARY OF PRECEDING PAGES 

sioD one with another, or with the walla restrsming 
their expansion. 

8tfa. The discovery that the nitimate atoms of 
matter were of natures different one from another, 
having affinities for certain atoms in preference to 
others, and where combining with each other, doing 
so only in definite ratios peculiar to each elementary 
atom, established Chemistry upon a scientific basis. 
The dxbroA ludure of chemical affinity, or that whidi 
causes the combination of atoms into molecules 
possessing other and new properties, is still unknown. 
We know that each element has definite and peculiar 
properties, but why they are different we know not. 

9th. The atoms of matter are indestructible, nor 
can they be created. Energy is equally incap- 
able of being created and of being destroyed. We 
can change the ooTiibinatuma of the atoms and the 
manifetftaUona of energy. The latter is brought to 
us in the form of heat from the Sun, the centre of 
our Solar system, through the medium of the Ether. 
Apparently, enei^y is lost to the earth through the 
same medium, into which it passes as diffused heat. 
Whether this is really so, or whether it is merely 
an exchange of diffused solar heat for gravitation 
or other forms of enei^ exerted by the ether npon 
the sun and planets, is a problem that has been but 
little discussed and is as yet unsolved. 
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lOtli. We have learned thus fer by the observa- 
tioD of nature's pbenomeDa that a uniform system 
exists throughout — tliat no break occurs in the 
chain of causation. All the processes have an estab- 
lished order in which they move and have ever moved- 
What are called the "Laws of Nature" is simply 
the recognition of tlie &ct that, so long as the condi- 
tions in which pbeaomena occur, i-eraain the same, 
the phenomena will be the same. No change can or 
will occur without an adequate and suffident cause, 
itself determined by existing relations that are estab- 
lished between elementary matter and all the forms 
of energy. 

In the tnoi^nio world the combinations formed 
and the phenomena shown by a group of molecules 
remain permanently unchanged 80 long as the surround- 
ing conditions outside of the mass remain the same. 
Even the explosive combinations of Nitrt^n with 
Chlorine, or with other elements, remain unaltered 
if not exposed to mechanical or vibratory motion. 
The constituents of a mineral when once united 
stay unchanged, unless new surfaces are presented to 
the air or water, or changes in temperature occur, 
Bocks and mountains rise or are washed away ; hut 
the earth's contraction, often producing volcanoes and 
earthquakes, causes the one, and the rain, heat or 
fi?ost the other. The planets continue in their 
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courses, but would move from it in a right line, a 
tangent to their orbits, under the impulse \a preserve 
their velocity and direction, were they not deflected 
ooustantly from their direction by a force acting at 
right angles to their tangents, causing them to gravi- 
tate towards the sun. So it is with all around us. 
That which is, is. The cause that made it as it is 
now, continues. The fiery glow that once held this 
globe a molten mass, as our sister planet, Jupiter, 
is yet ; died away millions of years ago ; unless 
Solar changes come, the mineral world will remain 
essentially unaltered; until then Birth does not 
enter it, nor will Death affect it. 
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CHAPTER XVn 
LIFE 

LIFE COHES ONLY FItOH LIFE — HAECKEL's HONEBA. 
BACTERIA — PHAGOCYTES, OR WHITE 00RPDSCLE8. 

Herbert Spencer very truly says: "To those 
who accept the general doctrine of Evolution it 
needs scarcely to be pointed out that classifications 
are subjective conceptions which have no absolute 
demarcations in nature corresponding to tliem. They 
are appliances by which we limit and arrange the 
matters under investigation, and so facilitate our 
thinking," 

This remark, prefacing his endeavor to define what 
Life is, and intended to lead up by successive steps 
to his definition ultimately given, though tnie in its' 
general bearing, is certainly not applicable in our 
present state of knowledge to the classification whicli 
separates that which has life, from that which has it 
not. 

Like almost every term of wide »gnification, it is 
difficult to define exactly what Life is. Herbert 
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SpeDcer, after carefully weighing each word and its 
meaning, gives this : " Life is the definite comhiuation 
of heterogeneous changes, both simultaneous and 
successive, in correspondence with external co-exist- 
ences and uequences," John Fiske* remarks that 
metaphysicians object that this is a definition, not of 
Life, bat of the circumstances in wliich Life is mani- 
fested," but adds that Mr. Lewes answers "tliat 
Life is a process. It is neither a substance nor a 
force," and approves of the definition as appropriate. 
In this instance, apparently, the metaphysicians are 
correct. Mr. Spencer's definition is not a definitiou of 
the process or processess that either constitute or 
manifest life ; it is a statement of the conditions, with- 
out which life is excluded, rather than a description 
of what Lifi; is. This is shown, not only in the sen- 
tence itself, but also in the chapters of Mr. Spencer's 
Biolt^y, wherein he carefully adds to the partial 
definition as at first given, word after word, to dis- 
tinguish it from the definitions of other and older 
writers, whose definitions embraced too wide fields, 
including therein crystallization, the action of galvanic 
batteries, tlie changes by decomposition in a dead 
body, etc Since his definitiou was published, nearly 
forty-five years ago, the doctrine of the conversion and 
the conservation of Energy has become more firmly 
• dounic PhiloBopby. Vol. 2d. P. 87. 
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established. The phy^cs of the Ether now place 
together, if oot identify aa one and the same, phenom- 
ena which were ooce considered to have nothing in 
common. Life is now thought to be directly and 
absolutely dependent upon the energy exerted by and 
through the Ether. 

The definition of Life here given expresses better 
what it is now thought to be than tlie one that was 
formulated by Herbert Spencer forty odd years ago. 

Life is that form of Energy, which, through an 
existing oi^nism, alters and assimilates similar and 
dissimilar molecules into coinliinations with the orig- 
inal structure, and which, though keeping or increas- 
ing its own oi^nism and its functions, can separate 
a part of its substance to form a new body with 
properties and powers like its own. 

In this statement recognition is given to the cor- 
relation of the energy that life manifests with othw 
forms of energy. It is endeavored, later on, to show 
also that all the phenomena that Life offers, includ- 
ing sensation, consciousness and will, have therein 
their origin ; the medium, the Plasmodium of plant 
or animal life, being the mefhanUm. only through 
which this protean power finds expression. The 
mechanism may be, in the simpler forma of life, ap- 
parently without differentiation of parts, but becomes 
highly differentiated and complex in organization &s 
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the life of the class rises higher and higher in func- 
tion and capacities. The mechanisms thus required 
are and can onlj be derived from an orgamsm already 
exiting. For it ia proved as clearly as it is possible 
to prove a negative that spovianeoae gener<iiion doea 
not exist. 

It is not probable, but it may be, that the future 
will reveal to us conditions that determine the forma- 
tion of an organic living cell, or its plasmodium, from 
it« inorganic constituents otherwise than from a pre- 
existbg parent organism. As yet life has never been 
brought by man directly into being from the inotganic 
world, though every conceivable means has been tried. 
Many persons have thought that they had shown the 
formation of life in solutions protected from the in- 
troductinn of existing life ; but careful examination 
has always shown that in some way access to the outer 
world had been permitted, or the pre-existing life 
therein had not been destroyed. With greater care 
■ the maxim, " Omne vivura e vivo," has invariably 
proved to be true. 

The phenomena that constitute Life, in its ori^n 
and relation to those of Inoi^nic nature, are best 
studied in its lowest and simplest forms, especially 
in those of Plant life. Haeckel and many other 
writers, in treating of the early forms of life, higher 
in type than the so-called Monera, have dwelt almost 
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exclusively upon the developments of tlie details of 
Animal life, neglecting the simpler structures of 
Plaot lile. This procedure, though natural enough to 
the professed Biologist, is scarcely so well adapted to 
the needs of the general reader, who can seldom re- 
fer to the animal structure itself The greater oom- 
plezity of tlie animal oiganism, even though of a 
low type, compared to that of the plant, renders it fdit 
more difficult to follow the initial phenomena that 
life manifests, which, even in plants, lie almost be- 
yond human understanding. For this reason atten- 
tion has been drawn, with a few exceptions, to the 
study of plant life only. It alone can show the divid- 
ing line between the inorganic world and organic 
life — its origin and its reproduction, AH who choose 
can readily watoh and study it 

The simple celt of a protooooous, or the protean 
forms of an amceba — the one believed to belong to 
plant life, the other to animal life, and each bo 
small as to be invisible to unaided vision — yet contain 
within themselves that mystery of existence: the 
potency of life. The doctrine of Evolution teaches 
us that from these b^innings may be evolved tlie 
highest tjrpee of life. The infinite varieties of cel- 
lular structure, the formation of tissue, the occurrence 
of chlorophyll in the delicate green leaf, whose 
wondeivworking power maintains breath and food 
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fur all that breathe or live ; the noblest forms of 
animal life, all may be traced back to the modifica- 
tions of these or similar primordial structures. They 
are disseminated widely throughout all nature. It is 
difGciilt to exclude their presence when we wish to. 
They can be destroyed by heat or by boiling, but, 
like creatures of a higher order, though we destroy 
them, we cannot create them. 

The chemical composition of these bodies, or of 
Protoplasm, is nearly identical, whether in plants or 
animals, all consisting of albumonoids — themselvea 
composed of carbon, hydrogen, nitrogen, oxygen, 
with small quantities of sulphur and phosphorus, 
Water constitutes usually over eighty per cent, of 
their mass. It is very difficult with some of the 
lowest forms to decide whether they should be viewed 
as plants or animals. They move from place to 
place, but are without organs of any kind, many of 
tliem being formless, gelatinous masses, whose shape 
constantly changes by the protrusion of any one por- 
tion of their mass in one or another direction, for loco- 
motion, or to absorb through any part of their sub- 
stance such material as they feed upon. Haeckle 
places them in a specific class — " Monera " — as being 
neither animal nor plant. Of these the Am<eba are 
placed by other writers in the animal line, principally 
on account of the nature of their food, but also from 
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their general resemblanoe to the gelatinoos bodies of 
the ForatDiDifera,orBhell'foriniDg Rbizopods. Other 
geUtinoas, furmlesa masses, tiie Myzomycet«s, are 
considered to be Fuugi, because their slimy substance 
passes into another life stt^, becomes fixed, and pro- 
duce eporophoree, with cell formation. Id the one 
stage they might be rightly called animals, and have 
often been so classed. In the second or germ-bearing 
stage they more resemble plants. 

A widely spread family of the lowest forms of 
vegetable organism, or of Haeckle'e Monera, visible 
only under the microscope, are those known as Bac- 
teria, Bacilli, Microbes, etc. Their influence on the 
higher forms of life, both animal and vegetable, for 
good and for evil is becoming daily more manifest. 
To the presence of some of them are due the fri^tful 
pestilences t^at have scoui^ed mankind. They are 
the canse of many of the specific contagious and 
epidemic sicknesses that afflict us; of Anthrax in 
flocks, cattle and man; of typhoid, of typhus, and of 
other fevers. It is more than probable that consump- 
tion, pneumonia in its typhoid form, in &ct, most 
diseases not arising from organic lesions, non-assimi- 
lation, or functional defects, owe their origin and con- 
tinued existence to these foreign growths in the animal 
economy, or to the morbific changes their presence 
inducefl. In sui^ry, the precautions taken to destroy 
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their germs, if present, and to avoid their later intro- 
duction from without, have revolutionized the art. 
Operations are now undertaken with impunity and 
with the assurance of success that less than a genera- 
tion ago would have been almost as necessarily fatal as 
decapitation itself. With proper care their exclusion 
and consequently, septicaemia; can almost always be 
avoided. 

Instruments of evil, as Bacteria tlius often are, 
many of them are yet of great utility. The Bacteria 
Termo is most frequently the oi^anism by which the 
edete tissues of the dead animal or plant are decom- 
posed, and their elements returned to the soil or 
atmosphere, again to enter into new living struc- 
tures. If any forms of once living tissue, muscular 
fibre, meat broth, ftrinaceous food, v^tables or their 
infusions, are subjected to the temperature of boiling 
water, so as to destroy the Bacteria and germs that 
may be present, the said substances may be preserved 
indefinitely, even if the free access of air be per- 
mitted ; provided that care be taken to filter out, or 
otherwise remove, all germs that may be present in 
the entering air. Witliout Bacteria, the Earth would 
be covered with the dead remains of past vitality, 
locking up in a useless form the molecules that have 
served their part in maintaining the life that is gone, 
but which the Bacteria set free to enter the store- 
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bo^ of Bstnr^ ^UB to be drawn opoa to ouDister 
to new lives to «an& 

When ««coB^;n the bodj to the grave, ** the dust 
to dust," it is not to be, as Job sajs, "that the 
vara aball fted sweetlj apoD him," for a hoet of 
creatures invisible to sight have taken poasessioD 
loi^ befiiR, and bavebegna their wwlc. 1^ grave 
rather hindos than hdps it ; bat it ooreis ap and 
hides fiom oar s^t the changes that woald offrad 
oar senses, ontil their wt^ is done, and the dements 
— tfaroogh the medium of plant-life — again ma; live. 

CoQsidend from the above standpoint, Kemer 
Von Marilann (Das Pfianaenleben) justly says : " The 
boTTOr of pntriditj is inborn with every man, and 
all that is associated with it, the whole brood of 
Bacteria, are looked upon with half averted eyes. 
It requires a sort of self-restraint to give to the 
processes thereof that consideration wbidi they 
deserve^ When we ovocome oar repugnance, and 
without prgodice observe we are forced to conclude 
that to putre&ction properly belongs the continuance 
of vegetable and of animal life. Were the innumer- 
able plants that die within a year not decomposed, 
but permitted to remain, a certain amount of Nitn^n 
and of Carbon would be withdrawn from the circle 
of life. If this were repeated from year to year, a 
time would come at last when all Nitrogen and 
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Carbon would be held within the bodies of the dead, 
and the earth would become a vast field of corpses." * 

Some Bacteria are efBraent in enabling the roots of 
certain plants and trees to obtain nitrogen from Am- 
monia Salts and from the air. It is now thought 
that they are more important factors in providing 
food to plants than was dreamt of heretofore. 

The gases evolved from the decaj' of bodies, animal 
especially, contain ammoniacal sulphides, phosphides, 
hutymtes, volatile fatty acids, and other evil-smelling 

* Anton Kerner Ton Marilaun wu bom at Maulern, Lower 
Aiutria, November 12,1831; died at Vienna, June 20, ISSa He 
rimdied in Vienna, and practiced medicine there for two yean ; in 
ISKA he was appointed tc a profeaaorahip, and in I8&8 waa made the 
Prof««ar ol Botonj in the Technical High School <A Ofen. From 
(his time he devoted bimaelf exclusively to the etudj of Botany. 
He held th« Choir of Professorof Botany at the Folyleclmic^ Schools 
of Badaj of Natural History at the Dnivenity of Innsbruch, and of 
Botany at the Dniversity of Vienna, and was a member of the 
Academic des Sdences. In 18TT he was ennobled ; created " Ritler 
von Marilaun," and made Director of the Museum and the Botanical 
Oarden in Vienna. He gave much attention to the Alpine Flora, 
and instituted eiperimentot gardeoB, at high elevation!, In the 
Tyrol. 

He published many works; among them the " Flora der Bauem- 
fartenin Deulwihiand," "Die Hiederartreiohischen W6iden,""Die 
Alpenwirtschaft in Tyrol," " Die Abhangigkeit der Pflansengestalt 
vou Klima und Bnten," Die Scbutimittel des Pollens gegen vor- 
seitiger Befruchtung," "Die &cbutamittel der Bluten g^en nnberu- 
fene GSate." His largest work is "Das Pflanienleben." IS9I. 
1 vols. It is admirable for ila profuse illustrations in the text and very 
many beauUfully executed chromo-types, bat most admirable for the 
clear, though elaborate, deacriptlon, of eveiy stage in the physiology 
of plant life and modes of reproduction. A seoood edition of the 
work appeared in 1808. 
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) that serve to wmni off and to keep awa; 
the livii^ to wbom tbe bacteria and Uie immediate 
products of decomposidoD would be injurious. After 
tbetr work is done the bacteria are carried off in the 
water, or when dried blown about and scattered again 
througfaont tbe world. All that finally remain of 
the organism are some oitrates and some little earthy 
substances that the living body had gathered in. 
Dost and Ashes! 

Tbe Bacteria are tbe smallest of known organized 
beings : the largest of them are not over -^ of an 
indt in diameter, the smallest leas than ^^ They 
conast of protoplasm, and have the shape of sphe* 
roids, or of short cylinders, rods, and threads. Of 
diCBe, Borne are stmlght, others bow-shaped, curved 
or spiral. The exterior, when moist, is gelatinous, 
but when dried becomes like a crust. They grow 
and multiply with a^onishing rapidity in fluids suit- 
able for their nourishment. Tbe rod-like shapes 
extend in length, and then divide into two equal 
parts — each half again dividing, when a certain 
length is attained. Under favorable conditions, in 
most varieties, spores or germs are formed. These are 
spherical, with thick walls, and refract light strongly. 
It has been observed that a new farmed bacterian 
cell within twenty minutes will eo increase in length 
as to reach the limit of its normal growth ; dien it 
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will divide in two ; aod ao repeat indefinitely. It has 
been calculated that from a single cell within ogH 
hoars over sixteen millioa new cells are formed. 
Such growth can, of course, take place only at the 
expense of the nourishing fluid. The most favorable 
temperature for them is from 95 to 99 degrees F. 
When we consider that this is the normal tempera- 
ture of the blood, and that it contains all the elements 
required for their development, it is easy to under- 
stand why they should so rapidly develop therein, 
and what serious interferences with the vital processes 
must necessarily follow. Their excessive minuteness 
gives them access to every part of the system, whither 
they arecarried with the blood. It can thus be seen why 
the Comma Bacillus — the catise of Asiatic Cholera — 
should so rapidly cause death. The wonder is, why 
do not all die whom the disease attacks? The air 
we inhale and the water we drink usually contain 
hundreds and thousands of the spores of bacteria, or 
bacteria themselves, many of which are destructive to 
health or life. A single one of them is sufBcient to 
produce thousands of their kind within a few hours. 
Life in the higher organisms would be scarcely 
possible were it not that a constant battle is waged 
against them in the blood itself. 

Besides the red globules that are the main active 
constituents of the blood, and upon whose living 
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powers life depends, there are present in much smaller 
iiumbers the white corpuscles. There is io healtli 
only about one of them to over three hundred and 
£% of the red, but their a^regate nimiber exceeds 
one thouaaud million in the blood of an average man. 
When viewed ordiuarily under the microscope, the/ 
are seen to be colorless globules of protoplasm, a 
little larger than the red corpuscles. If the drop of 
blood containing them is warmed up again to the 
normal blood temperature, they are then seen to be 
full of life, and are, or at least closely resemble, 
Amcelia. They throw out their substance into con- 
stantly changing forms (Pseudopodia) or limb-like 
extensions. They move independently from place to 
place, and seize upon particles in the fluid which they 
absorb into their substance. They pass into all the 
vessels of the body by means of their contractile 
power of changing shape — through apertures far 
smaller than their original form. (Dr. Johannes 
Ranke, "DerMen9ch,"Lei|)sig, 1887. B.I. S.226). 
L^rand and Leville* describe experiments made 
with the whit« corpuscles (Leucocytes) and the Bacil- 
lus Suhtillus, in which they have seen the Leucocytes 
seize and absorb the bacilla. Other Leucocytes then 
join the first, and attack and absorb as many bacilla 
as they can. Those thus absorbed would completely 

• Iatouim. Art. Fhagoe^tet, ISSD. 
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disapp^r. After having tlius destroyed five or six 
microbes they would cease, but after a short time re- 
commeoce agaiu. 

The observations of Metchnikoff made in Pasteur's 
laboratory show that the avidity with which the sev- 
eral forms of pathogenic bacteria are attacked by the 
leucocytes varies with the immunity of the animal. 
Thus the bacilla of Anthrax, that are rapidly fatal to 
sheep, cattle, rabbits, etc., are seldom found in the 
white globules after their hypodei'mic injection into 
these animals, not appearing to have been devoured 
by the leucocytes ; while under the same conditiona 
they abound in the leucocytes of the dt^, and other 
animals who have greater resistance power to the 
disease. Metchnikoff gives as an axiom the statement 
that " the more refractory an animal is to a given 
disease, so in proportion are '\\b phagocytes capable 
of absorbing and destroying the inicrobes that cause 
the said disease." Why is it, be asks, that the 
afflux of the white corpuscles to the point attacked by 
tlie microbes varies in the same animal with the specific 
microbes present? This, he answers, is due to the 
curious property that certain substances, when present, 
cause an attraction and others a repulsion of the 
Ijeucocytea; for instance, most chemical substances, 
albuminoids, acids and alkalies, etc. He claims for 
the leucocytes an obscure consciousness, at least, as 
15 aas 
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gnat as that poeeessed by the bacteria, enabling them 
(the former) to move to the point that ib attacked. 
This faculty, designated by the name of Chemitaxia 
(chimiotaxie), is positive or negative, attractive or re- 
pulsive, as the substance varies. 

Aooording to the view of other observers, the 
leucocytes are only the scavengers who remove the 
dead substances in the blood. The death of the 
pathogenic microbes is due to the various humors of 
the body, espedally the serum of the blood, which 
contains a tozine substance that is fatal to their life 
and that acts thus as an antiseptic Metchnikoff him- 
self admits that it is probable the phagocytes are not 
the only means of defense at the disposition of the 
oi^anisro, and that several factors may jointly tend 
to tlie same end. (Revue EncyclB^, 1891-1894.) 

The white corpuscles occur in great number in 
the spleen, amounting normally to over one to twenty 
of the red corpuscles. In tliis oi^n — whose especial 
function is yet unknown, and which permits life to 
be sustained even afler its removal — the white cor- 
puscles in disease, especially in some forms of ansemia, 
amount to more than one to three of the red. The 
spleen is the site of the ultimate removal of most of 
the invading bacteria. Whether it is also the scene 
of the formation of the white and red corpuscles, or 
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that of their ultimate deetraction, are questions still 
unsolved. 

As already ineatioaed, Haeokle placed these low 
organisms, especially the amoebic forms, in the order 
"Moneni," being neither plant nor animal. He 
considered them to be transition steps between the 
inorganic and the organic world and as having their 
ori^nin «2>ORton«ou«^enera/wn. This doctrine, which 
in earlier times was generally Held, was strongly advo- 
cated by him in hia " Morphologic der Organismen,'* 
published in 1866, and in his later writings. The 
lapse of over thirty years since then, and tlie inde- 
&tigable investigations of hundreds of learned and 
skillful men, have failed in ever developing life 
where life did not previously exist. That in past 
geologic ages conditions permitting it may have 
existed which do not now exist, is possible ; but it is 
opposed to all methods of true science to postulate 
aa a necessary frw(A that of which observation and 
experiment has failed to demonalraie tke poa^bilHy ! 
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CHAPTER XVIII 

THE POMQI CAN LIVE ON ORGANIZED POOD ONLY 
— THE CAUSE OP FERMENTATION — MUSHROOMS, 

LICHENS — THEIR IMPORTANT FUNCTIONS 

CURIOnS ANOMALY IN TUEIR STBUCTUREB. 

Bacteria are now recognized as belongiug to that 
form of v^etable life known as the Fungi. Their 
eBseotial characteristic is, that even in their highly 
developed forms they are devoid of " Chlorophyll," 
that curious combiuation of protoplasm that, in the 
form of green globules in the leaf, apfwar to take the 
place of the red globules of the blood in the verte- 
brata, and like the red globules nourish and support 
their respective tissue formations. Since the presence 
of Chlorophyll is essential to the plant to enable it to 
assimilate for its nourishment, carbon, nitrt^n and 
earthy salts from the carbon dioxide and nitix^n of 
the atmosphere and from the minerals of the earth, 
it follows that the fungi and all the plants without 
chlorophyll must be either parasites, existing upon the 
living juices of another existing life, or Saprophytes, 
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THE YEAST PLANTS 

oi^ianisms living on decaying matter. Among the 
microscopic forms of this order are the Saceharomyces 
(Toriila cerevisia); the well-knowu yeast plant, the cause 
of alcoholic fermeotatioD ; the Lactic acid ferment, 
whose germs are not destroyed by ebullition at 212° 
F., that causes the souring of milk ; and the various 
varieties of mucor or mould plants. These germs 
are met witb everywhere, and seize greedily upon 
dead oi^nic matter for their food and development. 
The yeast plant germs are present upon grai>es and 
other fruit, so that when tliey are crushed llie juice 
enters rapidly into fermentation. The growing plant 
takes from the molecules of grape sugar in solution 
euch atoms tliereof us it needs for its own nourish- 
ment. The atoms remaining divide themselves into 
nearly equal projiortions by weight of alcohol and of 
carbon dio:side, the latter escaping ia the gaseous form 
in effervescence. Small quantities of succinic acid 
and of glycerine are at the same time formed. The 
yeast plant multiplies or grows both by gemmation 
or throwing out buds, as well as by the formation of 
spores. The former is essentially the same as the 
process of division among the bacteria, but tlie new 
cellules usually remain connected with their parent 
cell, though the slightest pressure suffices to part 
tliem. At a temperature below 48° F. the growth is 
almost exclusively by gemmation ; the process is slow 
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and the evolation of carbon dioxide gradual, so that 
the yeast is not buoyed ap by it to the surface, but 
remains mostly at the bottom of the vat. This con- 
stitutes the lower yeast (Unter Hefe) of the lager 
beer breweries. It is anaerobic ; that is, its life and 
growth is independent of the presence of Oxygen. 
The fermentation thus produced is less liable to be 
contaminated with the growth of other mycodermic 
growths that might cause acidity or viscidity, aud is 
best adapted to the fermentation of weak worts that, 
under more rapid action, would pass beyond control. 
At a higher temperature, say about 70° F., the upper 
yeast (Ober Hele) is formed. The growth is much 
more rapid and the evolution of Carbon Dioxide 
more violent. Towards the latter part of the process 
a large portion of the cellules contain spores, which 
serve as new centres of growth, and which are car- 
ried off by the escaping gas and disseminated in the 
abnosphere. Tlie fermentation of wine or other fruit 
juices is of a similar nature, though it is not necessary 
to add the yeast from previous operation as required 
in beer brewing, the grape juice obtaining from con- 
tact with the outer skin of the fruit when crushed 
the germ of the yeast plant, whose growth starts the 
fermentation. 

Other widespread members of the family are the 
Mucor, or Mould plants, that attack most oi^nic 
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MUSHROOMS AND OTHER FUNGI 

substances when exposed in a warm, damp place ; the 
Peuicilium Glaucum that forms the hlue mould on 
bread, cheese, etc., is ubiquitous ; its presence and tliat 
of allied forms among yeast plants oflen cause serious 
loss in the wine and brewing industries by promoting 
their own growth and thereby inducing other fer- 
mentations to the detriment of the formation of 
Alcohol. 

The true vegetative portion of the fungi is the 
"Mycelium," which in the mici'OSGopic forms thus 
far noticed constitutes the only apparent organism; 
the spores, if seen at all, being excessively minnte. 
Among the larger fungi the mycelium consists of a 
congeries of Hyphse, the latter being the individual 
threads or stems that in the yeast plant or similar 
growths form the plant itself as visible to us. Tliey 
are formed of cells of dense protoplasm placed end 
to end, containing protoplasm not distinguishable 
from other forms thereof. In many instances the 
hyphee form closely interwoven or adhering masses 
of threads, which spread in all directions; they pene- 
trate the substance of the ot^nism upon which they 
are parasitic and which they cause to decay. In the 
larger fungi, known as Mushrooms, Toadstools, etc., 
the mycelium exists only beneath the surface' of the 
ground, where it may persist for years unknown. It 
is vulgarly called the Spawn of the Mushroom, Tlie 
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Thalliia that appeare on tbe sur&ce ia the reprodiio 
tive portion, correspondiiig to tbe inflorescence of 
flowering plants, thoogb as &r as known it is asexual. 
When growQ it consists of a fleshy, cup^haped body, 
like Ml opened umbrella. Tbe under side thereof is 
divided into numerous thin, knife-like plates on which 
are tbe bymenium and gills, on the surface of which 
are the spores. These are excessively small, about 
1^ of an inch in size ; they develop into byphse 
when they meet with a suitable soil. For cultiva- 
tion, the already developed masses thereof, the mycel- 
ium, is employed, since development from tbe spores 
is a slow and uncertain procedure. These fungi, like 
all of the genus, contain much Nitrogen in their compo- 
sition. Many varieties are edible ; upwards of three 
hundred kinds are known to be wholesome and nutri- 
tious. A smaller number of the family are acrid 
and a few are highly poisonous, especially the Amen- 
ita, which, as they roughly resemble the common 
mushroom (Agaricus Campestris), have not unfre- 
quently caused death by being mistakenly eaten ibr 
the tatt«r. They, as well as all the others, obtain 
their nourishment from already existing organic mat- 
ter. They are incapable of assimilating the mineral 
or serial elements from the earth or air. 

Lichens. — When, in any part of the world, a rock 
surface is exposed to the weather for the first time, 
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LICHENS LIFES PIONEERS 

there will soon be found on it a vegetable growth 
that often resembles the dried bark of a tree, clinging 
closely to the stone, and partaking of, or rather giving 
to the stone its dominant color. In dry weather it is 
usually hard and somewhat friable, appearing indeed 
as if it were tlie dead residue from a former v^ta- 
tion, rather than a still living plant In damp 
weather the tissues absorb moisture rapidly, swell up 
and become partly or entirely green, or partly yellow, 
red and grey, mixed with green. 

These plants, some of them so small even when 
grouped together as to seem rather a stain upon 
the face of the rock than a living structure, are 
Lichens, the most widely diffused of all forms of 
vegetation, extending from the sea-coast in the tropics 
\fs the highest summits of the arctic mountains. They 
are the pxmxera of the orgamc wotH; they seize 
upon the naked rock for their domicile, and thrive and 
multiply where nothing else can find a foothold. 
Nor is their life ephemeral : they retain their posi- 
tion through the greatest drought, the highest heat 
of the tropics, and the intense cold of the highest arctic 
mountain summits. Though their constituent tissues 
die, they are soon replaced in detail by new growths, so 
that they appear immortal. The same patch of lichens 
has remmned apparently unchanged upon stones in 
buildings for hundreds of years. Probably the life 
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of many groups of them has £ir eurpassed that of 
the longest lived tree known to history. Their debris, 
when washed down by rain from the rock above, has 
formed a soil retentive of the germs of mosses and 
other cryptt^mia, they in their turn when dead 
decaying. When the successive increments have thus 
formed enough humus, mixed with the rootlets 
(hyphen) of the lichens and mirmte fragments of 
rock, disint^^ted by the weather, they are able to 
give shelter and nourishment to the seeds of the 
higher pUnts. Grasses, weeds, bushes, and at last 
trees spring up, and a forest comes into being, Sudi 
has been the 'paih of evuhiticn of vegetable Ufe in all 
parts of 4he globe. It be^ns with the Amplest life, 
that of an or^nism without differentiation of parts 
other than a simple cellule ; it gradually gives place 
to oi^nisms of more complex structure as the for- 
mation of soil pn^resses and permita the acquisition 
of a higher life. 

The femily of Lichens owe their preservation, if 
not their existence, to an anomaly of stntcture pecu- 
liar to them. It has been stated that all of the fun^ 
are devoid of chlorophyll, that constituent of plant 
life that alone is capable of decomposing carbon 
dioxide, appropriating its carbon to form starch, cellu- 
lose or sugar, and rejecting or exhaling i^in the oxy- 
gen into the atmosphere. Plants without chlorophyll 
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therefore can live only on organic matter ready pre- 
pared, and are either sacrophyteo — consumers of dead 
organisms — or parasites, living upon the tisanes or 
juices of living creatures, from which they derive 
the juices for their own support. In almost every 
instance this parasitic life is injurious to its host. 
The latter suffers by the appropriation by another of 
that which had been prepared for itself, and its death 
often inevitably follows. The term parasite has 
now the meaning of non-reciprocity, the advantages 
being one-sided only, the one giving all and receiving 
nothing. The Lichen presents, however, a curious 
condition different therefrom, to which the term Sym- 
biosis is applied, in which two se|mrate and distinct 
organisms inseparably live t<^her to their mutual 
advantage. Either, without the other would soon 
perish. Every Lichen is now known to be the com- 
bination of a Fungus and of an Alga, living individual 
lives, but permanently associated. The fungoid por- 
tion of the lichen seems to be the original plant 
that seized upon the alga in accordance with the para- 
sitic nature of the fungoid family. The association 
&US formed, proving mutually advantageous, has been 
perpetuated, and has become universal throughout 
the numerous and various families of lichens. The 
fungus is found in several varieties, each of which is 
peculiar to the lichens, and is only found in connec- 
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tioD witb the algte as a lichen. A few of the same 
algte are known to exist with ind^tendent lije as 
AlgiE. Their union with the fungi gives rise to 
numerous species of lichens. The Gonidia, or cel- 
lules, containing the globules of chlorophyll, are almost 
identical with those of the Algie. Thus those of 
Physica are like those of Protococcus ; those of. Col- 
lema like those of Nostoc; those of Oraphalaria like 
tliose of Chroococcus, etc., etc. 

The experiment has been made of meclianically 
separating the structures of the plants and cultivating 
them apart. The alga, a Protococcus Viridis, 
grew and multiplied readily. The fungus part 
lived for a time, did not increase, and soon died. 
The synthesis of a Lichen has been made by Gaston 
Bonnier (Revue Ency., 1893). He caught the spores 
of the fungus on a luicroecopic slide, and, after the 
necessary precautions to avoid the entrance of foreign 
germs, introduced a portion of the above-named algfe. 
The process, with the admission of pure air, was 
watched under the microscope, and showed the de- 
velopment in all its stages of a perfect and normal 
Lichen. In this union of two lives tlie fungus fui^ 
nishes the byphae that attach the plant to the rock ; 
it also furnishes a shelter and support to the alga 
and its spores through the extremes of heat and cold, 
of drought and of excessive moisture; its own com- 
336 
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position, rich in nitrc^n, furnishes hy endosmose 
that element essential to plasmodic structure ; whilst 
it JD return receives from the chlorophyll cellules 
of the algsB the carbo-hydrides that they have 
formed from the atmosphere, and by which the tissues 
and the starch-like or gelatinoid elements of the lichen 
can alone come into being. 

Lichens, beside the important part they play in the 
general economy of nature in promoting, as already 
described, the formation of soil for the growth of the 
higher order of plants, contain many valuable plants. 
Cetraria, or Iceland Moss, furnishes a valuable food 
in regions where other food is scarce. The Reindeer 
depend for their existence on another variety, and 
many valuable dye-stufla are prepared from other 
species. 
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CHAPTER XIX 

ALQ^ SEAWEED, CHLOROPHYLL CELLS, THEIB 
ORIGIN AND USE — EFFECT ON RAYS OP LIGHT 
— THE PHOVIDEES OF OXYGEN — ^ALL LIFE IM- 
POSSIBLE WITHOUT CHLOBOPHYLL — LIGHT AND 
HEAT ESSBNTIAL TO ITS ACTION. 

The Algse, when exUtiDg alone, constitute the 
lowest and simplest foiins of green or chlorophyll- 
bearing planta. Algte are mostly aquatic, and live 
either entirely in the water or require wet or con- 
stantly damp posiUons, in which only they thrive. 
Their spores, or certain cells that split off from 
the others, can resist the absence of moisture, and 
serve to perpetuate their growth when favorable 
conditions again return. Many of them are very 
minute. Deamidiacese and Diatomaceee in their 
thousand varieties being microscopic only, whilst 
some of the Fucacea are among the largest of all the 
v^tatjve world. Macrucystis Pyrifera, off the 8. 
and S. W. coast of South America, sometimes exceed- 
ing a thousand feet in length. The floating masses 
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of Sargassum in the sea beyond the Azores frightened 
Columbus. From their comparatively simple con- 
strtictJOD, though belouging to the Chlorophyllian 
plants, the processes of protoplasmic movement and 
structure can be studied in the algse most advan- 
tageously. 

The popular, though erroneous, conception that 
animal life is essentially distinguished from v^table 
life by the former only having the power of volun- 
tary motion is absolutely disproved when the growth 
of an alga is observed. " The resemblance that the 
earlier microecopists saw in the- inner structure of the 
plant tissues to the waxen cells of a honeycomb gave 
birth to the terms ' cell ' and ' cellular tissue,' and to 
the idea long prevalent that this cell formation was 
itself the creative, formative and self-productive tissue 
that constituted life. It is now known that It is not 
the body of the cell, but its slimy, colorless contents, 
the protoplasm, which is active in its self-created cell, 
and must be Jooked upon as the carrier of life, as the 
Kvinff part iiadf" The term cell has become so 
imbedded in our language that we now speak of a 
naked cell, meaning thereby the protoplasm wlien it 
is not a cell — when it is devoid of an envelope, and is 
simply a drop or minute portion of shapeless, jelly- 
like matter, but which moves and is alive. It may 
form a portion of its substance into a denser exterior, 
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^ving rise tbua to an euvelope. It is only when a 
cougeries of these particles are grouped close together 
that the appearance of a cellular structure arises. 
The iuost striking characteristic of living protoplasm 
is \\& temporary change of place, by a movemeut 
of the mass as a whole, as well as the displiicement, 
and often the self-development, of its constttneiit parts. 
The envelopes formed by the protoplasm from its 
own substance take usually the form of tubalar or 
elongated cells, in which the slimy mass of protoplasm 
is retained. This becomes filled with minute grau- 
ules or corpuscles that are in constant motion,.prin- 
cipally close to the sides of the cellules, leaving the 
middle of the protoplasmic mass comparatively free. 
In tliia latter there appear lai^ vacant spaces or 
cavities, the " vacuoles," in which a watery fluid, tlie 
"sap juice," collects. The exterior of the vacuoles 
becomes denser by the thickening of the protoplasm, 
and which gradually form cross or diagonal bands in 
the interior. Among these partitions the current of 
protoplasm flows, carrying the corpuscles before de- 
scribed, mostly in contact with the cellules sides. 
The motion of the corpuscles and protoplasma is of a 
twisting, boring character. They move along the 
sides of the bands or cells continually — down one 
side, around and up the other. The particles move 
more rapidly the smaller they are, the larger ones 
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at times coming to rest. This motion originates in 
the protoplasm itself — in the gelatinous, colorless and 
transpareut lining or contiguous sulistance next to 
the deuser and inactive cell envelope, between whose 
own substance and it no sharp dividing line exists, 
and which carries on in ita flow the corpuscles as a 
running stream does the small pebbles and Boating 
matter in its course. 

Among these bodies the comparatively hii^ cMt- 
rophyll corpuBcUa are seen. In view of the imi»r- 
taut functions they fulfil, their structure is surpris- 
ingly simple. So far as we can perceive, they differ 
but slightly from the mass of the protoplasm that sur- 
rounds them. Consisting externally of the usual dense 
Plasmodium, their interior is formed of a porous oet^ 
work of interlaced tissues, somewhat resembling those 
of a sponge. The cavities of this colorless, spongy 
texture contain a green coloring matter dissolved in 
an oily medium that lines the wall coverings of the 
almost infinitely small spaces. The green coloring 
matter is readily soluble in alcohol, ether, and in 
chloroform, but is precipitated from the alcoholic 
solution in brown floccul! by the addition of water. 
When in solutjon, it is bright green by transmitted 
light, but appears blood-red by reflected light, and 
shows strong fluorescence. If a &tty oil is agitated 
with the alcoholic solution, the green color is taken 
i6 241 
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Up entirely by the oil, the alcohol retaiuing a yellow 
suhetaiioe — Xantliopbyll^^issolved. This is thought, 
however, by some to be a product of decomposition 
of the chlorophyll. It is the cause of the yellow 
coloring of the foliage in the autumn. The green 
substance contains, in combination, beside the hydro- 
carbons, about two per oent of earthy and alkaline 
salts.* Iron is also essential. If it is absent in the 
nourishing fluids, the leaves are colorless, becoming 
green only when it is supplied. (Pierer's K. L., 1889.) 
The green substance constitutes only a small portion 
in weight of the corpuscles. After extraction by 
alcohol the corpuscle ia colorless, but not appreciably 
diminished in size. 

The presence of warmth, and especially of sun- 
light, is requisite for the production and the fiiDO- 
tional life of the Chloropyhll bodies. They first 
appear as colorless or yellowish granules in the 
young newly-formed cells embodied in the Plasmo- 
dium, becoming rapidly green in the light of day. 
A temperature of at least 40 degrees F, is requisite 
for their development. Their functional activity 
increases with heat, though the too intense action of 
the solar rays is destructive. The green corpuscles 
are alive, surrounded with the protoplasm in which 
they group themselves towards the exterior surface 

• Kemer Von lUriktm. PSoDzenleben. B. 1. B. 3«. 
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of the Btem or leaf. Id many plants they appear 
like dieks, presenting in moderate light their flat or 
broad sides to it ; but when the heat or light of the 
rays become excessive they turn to it their narrow 
edges only. The number of the chlorophyll corpus- 
cles varies in the plasma of the cells from two or 
three to upwards of many hundreds. In some of 
the Algte they line the tubular cells so closely as to 
appear like a continuous, unbroken coating. In 
other varieties they form spiral bands; in others 
stellate, discontinuous, or overlapping bodies. In 
the leaves of the higher order of plants the upper 
layer of the leaf, the so-called Pallisades, contain five 
or six times the number of the green corpuscles that 
the lower layer, the spongy Parenchyma, do. In the 
former they tie so closely together that they appear to 
constitute the entire substance of the cell, but close 
examination, shows that tliey are only in the lining 
substance of the cells, their interior not containing 
even a single one, the plasmic cell sap, or sap juice, 
alone filling the interior. 

In reference to the modusoperandi of the Clilorophy II 
corpuscles by which their wonderful work is accom- 
plished, Kerner Von Marilaun remarks : " If, after 
describing the form, arrangement and number of 
these bodies we should ask by what means do they 
accomplish the formation of oi^nic matter in the 
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cfaunbeis of tbor cells? we would find oaraelves 
in the positioD of a seder afier knowledge wbo 
eoten wiUioat an instracted guide the Labontor; of 
a Cbeoust wbo is working apoa tbe higher syotbesis. 
He sees tbe af^miatus arranged, a be^ of matnialg 
provided, aiid also finds ^ finished edoct prqmred. 
He can ootiGe whether beat or cold is applied, whether 
an increased or dimioished pressure is made use of^ 
and if he is practiced in sndb manipolations, can 
form a shrewd oonjectnreaa to tbe connection between 
tbe operatiwis; bat in the individual details mndi 
wilt remain inoompreh^idble and much remain 
nnknowD, Especially will his knowledge be de&cdve 
in respect to the nature of tbe materials used and of 
the acting forces. Thus it is when we watch the 
proceedings in the cell chambers wherein tbe chlo- 
rophyll corpoades maniiest th«r activity. We see 
tbe madtinery fur action, we know the sails aod the 
gases brought together for working, we know that 
tbe sunbeams will be the impulsive force, and we 
know what will be tbe finished products that the 
chlorophyll corpuscles will put into their cells; but 
Aow the active forces work, Aow it is that tbe sun- 
beam is able to force tbe ultimate atoms to give up 
their combinations — to transport themselves apart aod 
away, and then soon afler to appear in quiet and 
M4 
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permanent union in a totolly different order, are ques- 
tions that cannot be solved." "* 

It is comparatively easy to trace the several steps 
of an analyma, or process of decomposition — to follow 
the original atoms in their entrance into new com- 
binations that they may form ; hut the work effected 
by the chlorophyll cells is far more difficult to under- 
stand. It is eynHuHeal—rthe formation of new organic 
combinations and structures diSerentiated one from 
another, out of the salts and gases from the inorganie 
world, through the influence of the ^olar rays. The 
theory of their action upon chlorophyll is thus 
given : " These rays, when separated by a prism from 
each other, are found to difler in their action. The 
most effective in their deoxidizing work are those 
towards the red end of the spectrum — the red, orange 
and yellow, that are the least refrangible and have the 
longed and slowed wave length. These are tlie rays 
that produce the deoxidizing action of the chlorophyll 
upon carbon dioside, whilst the blue, violet and ultra 
violet mys, the rapid, short wave length rays, are those 
tliat are chemically active and are oxidizing. The 
rays of white light are decomposed by the green chlo- 
rophyll, which absorbs and changes into heat the Wwc 
and vib/rf rayB, permitting the red and ydlow rays to 
reach the plasmodium. The property of fluorescence 
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paflBeaaed b; cfakHN^yll, wfakfa onbles the npid 
abort waves of violet light to be duu^ed into the 
longer, slower waves of red light, is effective to tbe 
same end. Wben the Atgn are growiog in tbe deep 
water of tbe sea, so fiu- from tbe sauds and rocks of 
tlie ooast that ibe sandy or earthy debris tb»«of do 
longer changes the pure blue tint of the deep into the 
greenish color of the shallows, the afasorpticHi of the 
red waves of light by tbe blue water is so great that 
the chlorophyll ia no longer adequate for the woric re- 
quired. Not only are the red and orange rays nearly 
all abeorbed by the water, and only the more refran- 
gible raya, the blue and violet, transmitted, bnt all 
the light rays so &r lose their power that at a depth 
of about 350 feet no light is transmitted, and at this 
depth no plants live. In less depths, but beyond the 
reach of the waate from the rocks and shore, grow 
the Florideie, Algse, in which the chloroi^yll is 
masked or repUced in part by Erythrophyll, the 
red matter of the red-colored seaweed. This sub- 
stance, both by its own color transmitting unchanged 
the light rays that reach the plant snr&ce as well as by 
its strong fluorescent properties tliat change the rapid- 
ity and length of the waves of light, compensates to a 
large ext«nt for tbe deficiency of the desired red rays, 
and facilitates the decomposition of carbon dioxide 
and formation of the plunt tissues. On the other 
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hand, an excess of light maybe injurious. Those 
plants that grow on the shores and sandbanks are 
exposed to an intense glare of light, too destructive 
of chlorophyll to be borne by the plant with safety. 
Id these plants the surface is either provided with 
a rough, woolly, hair-like covering, or is of a dull, 
scaly character that shields the green corpuscles from 
the superabundance of the solar energy. 

Most plants also tliat grow in very strong light 
have their leaves vertically arranged, so that the 
beams fall in lines parallel to the surlace, white 
those that thrive best in the shade expose their sur- 
&ce horizontally, the direct rays, or difiTused light of 
the sky, reaching them in lines at right angles to the 
leaf, and therefore most effectively. Thus it is seen 
that the active enei^ influencing the functions of the 
chlorophyll corpuscles is the all-pervading Ether that 
transmits to the budding leaf the vibrations of light 
and heat from the far distant Sun. In the absence 
of light and heat, the plant would be but little better 
than dead tissues. 

The first step in the life action of chlorophyll ap- 
pears to be the decomposition of water and of carbon 
dioxide; the elimination of oxygen and tlie synthesis 
of carbo-hydrates in the shape of some form of dis- 
solved sugar or one of its many nearly isomeric rela- 
tives. Next follows the decomposition of alkaline or 
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eutfaj nitiates, and of unnKMiiDm salts, whkh, with 
Bolable sulphates ai>d pboqifaatea, are supplied hj the 
fl^ juice to tlie prott^lasm in whicb the coiposcles 
are imbedded, of which |»x>toplas[n the cdl exteriors 
are oofstitated, and with whicb tbey^are filled. From 
these iiMH^aiuc molecnles are derived the Salphar, 
Phoepbonis and otho' elements that are boiU op by 
the protoplasm into the albamen of whidi it is itself 
composed, and which grows thus hy its own accre- 
tions. The formation of the higher organized mo* 
leculea, in their reflective order. Dextrine^ Starch 
aod Cellulose, or woody tissoes, then follow, to be 
arranged in common with innnmerable other mo- 
lecnlar groiiiHngs of the elementary atoms according 
to the plan of orgaaization of each variety of plant.* 
In all the above syntheses, or the formation of 
the higher complex (Y>mbinations of molecules peculiar 
to the manifestation of life, from the simpler, inor- 
ganic molecules of the mineral or aerial world, de- 
voiil of life, the immediate presence of light and 
warmth, the educts of die Ether, are abaolutdy 
essential. 

• Ibid., ft Kg. 
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CHAPTER XX 

THE TRANSFERENCE OF ENEBOY FBOH LOWER TO 
HIGHER ORGANIZATION — BEPKODOCTION IN THE 
ALGJ: — AGAMIC AND SEXUAL. 

Another series of the pheaomeDa involving the 
growth and development of the plant, and above all 
ite reproduction by flowera aod fruit, wherein the 
light of day ia unneoeaaary if not injurious, is now to 
be considered. In discussing the phenomena of com- 
bustion it was shown that when many substances, 
elementary or molecular, containing carbon or hydro- 
gen, united with oxygen, a certain elevation of tem- 
perature or external heat was reqaired to induce the 
oxygen of the air to unite with the substance 
in question, but that when the union of oxygen 
therewith, or combvMion, had b^un, the chemical 
energy evolved was not only sufficient to maintain 
the temperature necessary ibr combustion, but a vast 
amount of surplus enei^y was developed, and passed 
away into the air or ether as heat of high intensity. 
Thb energy could be applied to many purposes, or. 
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lij ^ijm^iriate mesns, made to BSBame many forms, 
rocfa as i^jncal motioa or the gpoeraticMi of electricity, 
ete. ; but whatever form it might assume, its origin was 
Uie same. The carhm and hydrc^en, diseodated 
from their earlier combinatitHis by tiie solar energy 
transmitted throng the Ether, had been stored ap 
as cellulose in the living [Jant, and aiWwards, when 
excluded from atmospheric oxygm, remained as 
woody tissue or was changed into mineral cool. Heat 
thus became the form of energy in whidi (he dead 
tiseaes of the onoe living plant were now available. 
It was di^rent when tiie plant was living. An 
example of its mode of action then, may be tatei 
from a contrivance in mechanics. 

It often hapiiens that it is desirable to raise to the 
top of a hill a part of the water that in a brook runs 
to waste at the foot thereof. This is conveniently 
done by causing a portion of the water to flow in a 
lai^ tube for some distance down the declivity of the 
brook, the water escaping through a valve at the end. 
Just above this valve is another valve opening into 
a closed air chamber, to which is attached a small 
tube leading to the top of the hill. In operation the 
water flowa down throng the lai^ tube and valve 
imtjl the friction caused by its rapid flow raises and 
suddenly closes the exit valve. The momentum of 
the column of water, being instantaueoDsly checked, 
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exjtends its foroe by driving a portion of the water 
through the other valve and small tube to the hill- 
top, until — the water ceasing to flow in the main tube 
—the large valve again falls open by gravity ; the 
flow recommences through it, when its full velocity 
again closes the main valve and so "da capo." By 
thia arrangement, which ia known as the hydraulic 
ram, a email but nearly conatant and adequate sap- 
ply of water is carried up to a reservoir many feet 
above its source in the bed of the brook. 

In the living plant and in animals a transfer of 
the surplus energy occurs in some respects analc^ua 
to the action of the flowing water in the apparatus 
described. In the plant life, as well as in that of 
animals, the energy that is not available immediately 
or required for its momeutaiy functions is stored up 
in the vessels until wanted, oAen in the shape of 
starch or lat. Partly even in daylight, but especially 
at night, when the chlorophyll molecules are no 
longer acting, processes of tissue formation are at 
work. These processes are essentially oxidizing : a 
portion of the hydrocarbons formed during the day 
unite with oxygen, and form again carbon dioxide 
and water, thus reversing tlie prior action of the 
chlorophyll corpuscles. This degradatiou, or flilltng 
down from the higher levels of chemical or organic 
construction to the lower level of inorganic affinities, 
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woaM, if the plant were dead, be only attended 
vitb the development of heat In the living plant 
it lakes another course. As in the example ^ven 
of the Hydraulic Ram, the vis viva of the moving 
water foiling to a lower level imparts its active 
eneigy to raising a smaller part to a higher level, so 
the energy liberated by the products of oxidation in 
the living plant or animal raises another, though 
smaller, portion of the plasmodium or its structural 
forms to the higher level of more complex organiz- 
ation — forms the new cells and tissues of the growing 
plant, evolves in the lower forms of plant life suc^ 
as the ^amic algse their reproductive spores, and 
in the higher developed Phanerogama, the intricate 
and beautiful structures of the sexual modes of 
reproduction, their flowers, fruit and seeds. 

This oxidizing and constructive process otdy, is that 
which constitutes the life of the Fungi and of all 
those plants that are either parasitic or that live upon 
dead matter. Being without chlorophyll, they can 
obtain their sustenance only from food prepared by 
other lives. They can live, as all animals do, only 
from already oi^nized matter, and, like animals, 
their food, when assimilated, builds up new tissue 
and uew oi^nisms by aid of the surplus energy set 
free in the oxidation and degradation of the moleo- 
olar combinations that are effete and dead. 
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With Biiimals, however, this eurpluB enei^ mani- 
fests it^f also in part as muscalar force and action ; 
another part in animal heat, which is always present 
even in cold-blooded animals, though in a lesser 
degree than in the warm-blooded. The total heat 
produced by the corahustion of carbon, hydr<^n, 
etc., in the act of respiration is exactly the same as 
if the said substances were burned in the air by 
ordinary combustion. The beat, i^eing slowly evolved, 
is, of course, far lower in irdengaly, though the 
^w/niity is the same. In animals, as in plants, it 
must be borne in mind, the phenomena of life are 
the exponents of the enei^y conveyed by the Ether, 
primarily to the plant, and through it to the animal. 
In addition, animal life is directly dependent upon 
solar light, heat, and the many influences therewith 
combined, that affect health and the exercise of its 
faculties. 

The flowering of plants is entirely an oxidizing 
process in which chlorophyll has little or no part or 
action. No true flower — that is to say, no portion 
thereof tlmt involves the functions of reproduction — is 
ever colored green. The peculiar properties of chlo- 
rophyll are those directly opposed to the changes 
required in the plasmodium out of which the constit- 
uent parts of the flower, and later on those of (b? 
seed vessel and its seeds, are to arise. 
353 
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The mod« of Kprodoctjon of Bacteria by division 
of the cellales with or without the formation of 
□aclei or spores has already been described. Among 
the next higher order, the lower Alg», reproduction 
b often, even in the same individual, both asexual 
and sexual. In the tube-ebaped Vaucheria Clavata 
the non-sexual process, viewed under the microscope, 
is cnrious and interesting. The tube-like structure 
of the plant terminates with rounded ends; close 
thereto a cellule several IJmes longer (ban its 
diameter is formed. The oblorophyll granules form 
in the plasmodium contents, and partly fill the cell. 
A few hours later the cell bursts through the end of 
the tube. It now forms an ovotd body, dark green 
at one end aud nearly colorless at the other. It 
parts from the parent plant and swims away in the 
surrounding water, apparently seeking a suitable 
place for lodgment, avoiding floating matter or other 
obstacles in it£ patii. It stops at times, apparently 
to rest ; resumes its course soon again. Its motion 
forward is at the rate of about three-quarters of an 
inch in a minute, though seemingly rapid under a 
miscroscope, crossing the Geld of vision in less than a 
second ; it revolves on its longer axis and progresses, 
therefore, with a spiral, screw-like motion. This 14 
produced by the ciliated or eyelash-like extensions 
that issue from its gelatinous substance in all direcs 
»54 
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tions, and by their moessaDt, alternate bending and 
Btraightening propel the globule forward. This 
motion continues for about two hours, when the 
periods for resting become more frequent and 
longer. The cellule, finding a suitable place, now 
finally comes to rest, preferably on the shady aide of 
some fixed or lai^ floating body ; the cilia disappear 
or are withdrawn. The globule, antil now a mass 
of naked plasmodium, hardens or thickens exteriorly, 
BO as to form an envelope — a firm, transparent, color- 
less skin — the globule becoming uniformly green. 
Afler twenty-six hours a number of short, braucbing 
tubes arise from the cell thus formed. These tubes 
increase in Bize and length as the parent cell did, 
nntiE in fourteen days their ends burst, and give birth 
to new cellules, that run again the life course thus 
described. 

Other Alg», whether multiplying sexually or asex- 
nally, produce similar plasmodic globules, which, 
either before or after their separation from the parent, 
burst and set free a swarm of minute ciliated 
protoplasma that move their pear-shaped bodies by 
means of their thread or whip-like ctlia, two or more 
in number, in the manner above described. These 
8wim alone, at times avoiding one another, or, if they 
come in contact by their forward ends, remun an 
instant so, then back away from each other and con- 
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tiniie OD their course. Others seek each other, 
remsiD side by side, and their gelatinous bodies mett 
iDto each other — their increased size and duplication 
of the number of their tentacular cilia alone indioat- 
ing their former separate existence. Those that avoid 
each other have escaped from the same enveloping cell. 
Those that seek each other and blend into each other 
are from the chamber cells of difiereut individuals. 
This is the procedure with theUlothrix (" Curly Iiair," 
a fresh water Alpine Alga), and is the simplest con- 
ceivable form of fertilization among plants. In other 
Algte (the Spirogyra, for instance), when the cells of 
different filaments are nearly in contact, they pro- 
trude their respective walls towards each other. The 
latter, which in these oi^anisms are always soft and 
plastic, dissolve when the protrusions meet. The plas- 
tnodium in the opposite cells — in each now gathered 
into globules — pass from one into the other, and, 
uniting, form a single globule. This now fills with 
granules, and wliea ripe escapes through the side of 
the cell. Ultimately this globule bursts, liberating 
its contents; each granule, after its migratory exist- 
ence, as before described, starts a new life, and by 
subdivision of its cell walls grows and forms a new 
plant like its parent. No difference can be observed 
in the appearance of the plasmodic globules before 
their junction, though without doubt a difTerence in 
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composition does exist correspoudrag to their sexual 
disttnctioDS. 

The mode of reproductioD of the higher fuogi has 
already been described. That of many Crypfa^ma, 
the mosses, ferns and others are both sexual, and asex- 
ual, and often show a curious condition of alternate 
generation. The female cells or oospores germinate, 
and produce an embryo plant^ which in the Ferns ia 
a simple mass of oellular tissue. Its cells divide, a 
root is formed that descends, and a stem that ascends 
and bears leaves. On the under side of these, spores 
are formed ; when ripe they escape, and, taking root, 
a new plant grows. After a time the sexual gene- 
ration occurs, consisting in the production on the 
under part of the leaf of spores that develop into 
the antheridia and others into the arohegonia, corre- 
sponding to the male aud female fertilizing oi^ns of 
the anthers and pistils of the plant-hearing flowers, 
or the phanerogama. These give birth to the oospores 
before mentioned, and the cycle begins again. 
'7 257 
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CHAPTER XXI 

PHADEItOOAUA, OB FLOWERING PLANIS — CON- 
STBEJCnON OF FEIRTILIZINO 0BGAN8 — SEEDS — 
GERMINATION— CttTTIHGS. 

The higher order of ptaots, the Phanerngama, 
■nclade all the plants that bear flowers, and therefore 
include all grasses, herbs, shrubs, hushes and trees, 
and such water plants that, although living in the 
water, bear flowers that bloom only in tlie air. The 
plants, without exception, contain chlorophyll, thoi^h 
but a small and unimportant part of the flowers them- 
selves oontaio it. The florescence of the plant con- 
sists in the growth and development of the orgaos 
that are essential to the formation of tlie fruit, or seeds, 
in which lie the potency of tlie coutinuaoce of a new 
plant life. 

Although the variety is almost infinite in the ap- 
pearance and detail of construction of the tens of 
thousands of different flowers that exist, yet they ail 
contfun the same essential features. All have the 
same fuDCtioas to perform. We can readily recognize 
2s8 



J.,r,l,z<,.:f, Google 



FERTILIZATION OF FLOWERS 

on ezaraiiiation the meclianism by which it is to be 
accomplished, however varied in form and color it 
may be made, or however obscured by appareatly 
needless replication of some parts or obliteration of 
othen. 

It is not at first sight very obvious why, in the 
economy of nature, it should be necessary, or rather 
that it should be so very often the case, that two sep- 
arate individual plant lives should take part in the 
production of the fruits or seeds from which spring 
the existence of a new plant of the higher orders. 
As we have seen, the lower plants, the bacteria, the 
lower fiingi and algse, are non-sexual ; yet even among 
the higher order of the Crypt<^rama sesual repro- 
duction becomes more general as their evolution ad- 
vances In the Phanerogama it is universal. It is 
true that in many flowers both the Stamen (male) 
and the Pistil (female) are present, the flowers being 
benuaphrodite ; but in almost every instance the 
pistil is so conditioned or placed that the pollen from 
the stamens of the same .flower cannot reach it, and 
fertilization can only occur by the poUen coming from 
a distant flower. The reason probably is that the 
florescence of a plant is exhausting to its vitality, 
possibly from the excessive consumption of certain 
constituent molecules, sometimes in one direction, 
som^imes in another. The joint lives of two oif;an 
359 
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isms may better supply the eleoienta or conditions 
needed for the fertilized ovule that otherwise might 
he deficient if one plant only furnished all. The 
varying conditions of soil and exposure to light and 
moisture moat also cauae variations in structure in 
each plant, and give rise to such slight difTerenoes in 
constitution as to be favorable to greater perfection in 
the pollen and induce such changes as to lead to the 
higher evolution of its structure and functions. Be 
the cause what it may, and the principles of evolution 
best account for it, the &ct is certain that the most 
intricate devices exist in innumerable instances by 
which the pollen immediately adjacent is excluded, 
and fertilization made possible only by the pollen 
beiDg brought from other flowers by the wind, or 
very frequently by insects or birds, who seek the 
flowers that are &r apart for the honey or other 
food secreted respectively for their attractioD. 

All flowers consist essentially of three distinct 
parte, all of which arise from modifications of the 
ordinary leaf of the plant. They are, fir-si,, the 
outer protecting envelopes, consisting of the calyx or 
lower cup-like leaves or sepals (often greenish and ad- 
joining the stem), and the oorolla or petals. The latter 
are usually the most conspicuous part of tlie flower, 
bang often brilliantly colored and their texture 
ezqaiulely soft and delicate. The sepals and petals 
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are generally five in number, although often there are 
more, and sometimes fewer. Their office is to close 
around and protect from sun, rain or other injury the 
inner and essential organs within th^r enclosure until 
they are fully ripe, and by their color and odor 
attract birds and insects from a&r, by whose assist- 
ance the work of fertilization cAn often only be 
accomplished. Second. Within, next to the petals, 
are the stamens, bearing on or near their summits 
the Anthers, or male pollen-producing oi^ns. 
They vary in number from one to several hundreds. 
When by cultivation the petals are rendered double, 
it is by some of the stameos becoming degenerated 
into petals. The Anthers are formed of two small 
lobes, or pod-like vessels, that open, when ripe, and 
discbarge the pollen, a fine, powder-like substance, 
though oftxn rendered cohesive in certain plants by a 
sticky, viscid fluid, which prevents its dissipation by 
tlie wind. Third. Within the circle of stamens, and 
occupying the centre of the flower, are placed the 
Pistil or Pistils, part of the female or ovule-bearing 
oi^ns of the flower, which, after the flowers fedes, are 
changed or grow, forming the fruit or seeds. It or 
Uuy consist of one or more tubular structures or Caiv 
pels that arise from the centre and the end of the 
flower-beariug stem. If multiple, they may unite at 
the base into one receptacle or ovary, or each may have 
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iCs own, and renudo distjoct diroughoat. Between the 
ovary and the Butnmit extends the Style, a tube con- 
necting the ovary with the Stigma. These latter vary 
in form, dependeat upon whether the pollen is to be 
brought by the wind as fine dust, or whether it is to 
be transported by insects, or some similar meanR, in the 
shape of sticky lumps of coherent granules — iu the 
one case forming flat, button-formed nodules, in otiier 
cases it arises above the stamens and terminates in a 
rod-like extension, which may be straight, bent, or 
contorted, on the surtace of which a moist area is 
exposed, upon which the pollen blls and adheres. 
Various and complex devices exist by which the 
stigma may remove from an insect or bird the pollen 
with which it may be loaded, and which it had 
gathered from the anthers when seeking honey or 
other food in the same or in a different flower. The 
stigma connects through the style with the Ovary, 
in which, attached to a prolongation of the style — 
the Placenta — the ovula are formed. The ovary is 
usually spherical, and if there is more than one 
carpel the grooves on the outside coincide with the 
junctions thereof. After the contact of the pollen 
with the stigma, the ovula grow larger and finally 
mature into seeds ; the ovary discharges them when 
fully ripe by opening or bursting its enveloping 
ooats. 
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The pollen or life-giving principle and its action 
are til us described: "Tlie pollen cells are differen- 
tiated into an outer cuticular layer or Eztine, and 
an inner layer or lutine. The former is a firm mem- 
brane, sometimes smooth, sometimes covered with 
minute hairs, points or projections. It is generally 
yellow, and often covered with an oily or viscid 
secretion. The inline is thin, transparent and pos- 
sesses great power of extension. The pollen grains 
vary from ^ to ]» of an inch in diameter; they are 
usually ellipsoidal, but sometimes spherical, cylindrical 
and even triangular and polyhedral. 

Within the pollen grains is a granular semifluid 
protoplasmic matter, the Fovilla, together with some 
oily particles, and at times starch. The Fovilla con- 
tains small spherical granules about j^^ of an inch 
in diameter, and a few lat^r, elongated corpuscles 
which exhibit molecular movemenls. Moisture has 
a marked effect, causing the pollen grains to swell up 
by endosmose. If long continued, the extine becomes 
so distended as to split, or oi>en in places. The 
intine is more distensible and is often forced through 
the pores or the ruptures of the extine in sac-like 
protrusions. Ultimately the inner membrane gives 
way and the fovilla escapes, often in tube-like pro- 
cesses. To guard against injury from the premature 
admission of water to the pollen cells, the stamens 
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are protected by the inner petals of the Corolla. In 
wet weather or at nightfoll one or more of them 
close firmly around the stamens, if the anthers are 
nearly ripe. In the same manner they protect the 
stigma until ready for its functions. The bell-shaped 
flowers then bend down more deeply, so as to offer 
their narrow base to the storm, and thus shelter their 
contents from the rain. The pollen must finally be 
brought in juxtaposition with the stigma ; when the 
moist surface thereof causes the rapture of the 
pollen cell ; or the contents thereof, the fovilla, escape 
wrapped in the long, minute tubular protrusions of 
tlie inline, thus aflecting the union of the two plaa-' 
modia, the fovilla being transmitted through tbe 
plasma of the style and by the enclosed Placenta to 
the ovula, which slowly grow and ripen." * 

After fertilization the anthers and stigma wither 
aud decay; the petals fall and the calyx, if remaining, 
changes its form ; the fruit, as the entire maturing 
ovary is now called, varies much, as is well known, 
in its nature. In such fruita as the apple, goose- 
berry, etc., it consists of a development of the Calyx 
and Ovary only. In that of the Hazel and the Oak 
it consists of the ovaiy, calyx and the Bracts (or the 
leaves partly developed into the calyx, below the 
latter). The pulpy matter in apples, pears and similar 
• J. H. Balfbar, E11C7. Brit, ISTT. 
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edible fhlits is one modification of the Pericarp, and 
b fermed usually from the placenta, and eerves prox- 
imately for the dissemination of the seeds, being eaten 
by animals, through whose digestive organs the seeds 
pass unchanged. Jn other fruits the pericarp is hard, 
ligneous and not digestible, and serves only as an 
additional protection to the enclosed seed or seeds 
nntil the conditions are &vorab1e for germination. 
Their dissemination is provided for in many ways with 
which we are all familiar. In all seeds theactiv^ 
living germ constitutes but a very small portion 
thereof. The embryo, or germ, is only a nodule, at 
or near one end of the seed. It is protected by its 
tough outer covering from the wet, and is capable 
of withstanding with impunity an excessive degree of 
cold. If kept dry, seeds ret^n the potency of life 
for many years. 

The prindpal part of the seed consists of an amy- 
laceous mass of granules of starch, albumen and oily 
substances, which serve as Jood to the yowig plaid, 
and are consumed by it when it germinates and 
b^ns to grow. The processes of floration and of 
fructification are very exhausting to the parent plant. 
The formation of a flower and the growth of the seed 
require a lai^ expenditure of material and of vital 
energy that are furnished by the oxidation or d^ra- 
dation of the parent tissues and of the stored-up oil, 
a6s 
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starch and oi^;anic matter prepared during the day- 
light, but partly consumed theu, as well as at oight. 
It is well known, moreover, tliat all grasses lose most 
of their nutritive properties after the formation of 
seed is completed. 

When the young plant begins its independent life, 
or germinates, it requires at first no extraneous food, 
nor does it require suulight It contuns within 
itself all that is needed excepting the energy furnished 
by moderate warmth, and the addition of a little moia- 
ture. With these supplied the seed protrudes a portion 
of its substance through an opening, or openings, in the 
outer coat ; this thread or stem-like growth divides, 
one part striving up to the light and air, the other 
seeking the ground, if ttelow it. 

If at this time, before more changes occur, the seed 
be chemically examined, it will be found that with the 
first appearance of a sprout tlie contents of the seed 
have swollen, the starch has become sweet, and in a 
little time will change entirely into sugar, whicli again 
will disappear as the sprout increases, until roots 
and the rudimentary form of leaves appear. If 
now, the whole plant be removed and weighed, 
it will be found that, notwithstanding its increased 
bulk by moisture absorbed, it will weigh less than it 
did before it b^an to grow, the growth being not 
by the absorption of matter from without, but by the 
a66 
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change within the seed — the nutritive matter therein, 
the starch, oil, gluten, dextrine, etc., passing first by 
couversion partly into sugar, and then into tlie plasma 
and the saccnlent vessels ot the new growth, furnish 
by tlieir oxidation, or running down the scale of 
molecular combination, the needed enet^. This 
now finds expression partly in heat, but mainly in 
forming the new plasmodium, building up new cells, 
new corpuscles, new tissues and new leaves, until the 
original nutriment within the seed shell is exhausted, 
and the infant life, now strong in its own radicles and 
leaves, can Independently enter the field of tlie inor- 
ganic world, and, provided with chlorophyll, stru^Ie 
for its own existence. 

Many plants, after shedding their seeds, at once 
wither and die. The continuance of their species 
b provided for sufficiently by the future growth from 
the seeds, and depends absolutely upon the new life 
only that is to issue therefrom. But should the de- 
velopment of the flower or seed be prevented by 
transferring the plant from its native climate to one 
so much colder that the flower and seeds have not 
time (o receive the needed heat to ripen, or if the 
flowers as they b^tn to form are nipped off; the 
plant does not die, but forms on or near the root bud- 
like swellings, which develop into scions or layers 
(often called suckers), which preserve the life, and in 
267 
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the next or recumDg Spring burst into leaf. In this 
way many of the annuals have been transformed into 
perennials. 

With the majority of plants that are not strictly 
annuals the propagation of the plant life is by 
means of the scions or layers above mentioned, or 
cuttings, as tlie gardener calls them. If a leaf-bear- 
ing twig is cut off and embedded in earth, or, still 
better, grafted upon a stem of an older but vigorous 
plant of the same species, so tliat obliquely cot sur- 
faces are held firmly in contact, the life continues. 
If in the earth, the leaf buds are transformed into 
rootlets which absorb nutrition from the soil, other 
buds throw out stems that strive upwards and soon 
form leaves, and a perfect plant is born. The grafted 
stem iindei^oes less change ; the cellules of the fresh 
cut surfaces bdng in contact, the plasmodium of the 
older plant cell is transferred to those of the younger 
cutting, and the sap juice circulates through its ves- 
sels ; the leaves of the cutting, containing chlorophyll 
celts, secrete and form the same plasmodium that 
they did when on the parent stock ; the cutting grows, 
and often not only forms ultimately the entire tree, 
but preserves the characteristics of its origin. Often 
these characteristics, though sought for by the gar- 
dener, are really monstrosities, so far as the physi- 
ology of tlie plant itself is concerned. Tlie soft sliell 
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of the Almoud, the tender, thiu skiu of the i>each, 
or the double petals of the rose, though desirable for 
the tastes of mankiDd, aiv not those best fitted for 
the life or propagation of the tree or bush. When 
accident or cultivation has produced seedless grapes, 
or other such abortive fruits, it is self-evident that 
the extinction of their kind would inevitabl/ follow 
in course of time. The gardener, for his own profit 
merely, seeks the culture of plauta and truits, so &r as 
practicable, from cuttiugs only. 

All plants that arise from seed growth, excepting 
annuals, show a strong tendency to aiimsm, — that is, a 
reversion to the ancestral condition or that of the wild 
state. The seedtinge tliat spring up under a cherry, 
peach or apple tree will develop into vigorous trees, 
but their fruit will nearly always prove to be worth- 
less. The exclusive, artificial culture in certain direct- 
ions of particular qualities is uot for the good of the 
plant itself. Even an over devdopment of those proper- 
ties that are essential to the seed growth may be injuri- 
ous. Thus abnormally sweet and highly flavored 
fruits, though useful in tempting cattle or wild animals 
to eat them, and so scatter their seed abroad, will also 
attrad) very many insects to live itpoa their juioe, 
who will deposit their eggs in tlie fruit; their larva 
attacking later the leaves, tissues, or even the seed 
itself, thus destroying the balance between the pro- 
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tective and the destructive foroee of nature. AtavisiD 
may be viewed as tbe revenai of the prooessea of 
evolutioD, often injurious in its action ; jet it is the 
conservative power that in the plant world restrains 
the unlimited aod often andeeinible e^tercise of the 
power of variati(Hi that the dianges of sezoal condi- 
tions and climatic influences exert, and which would 
retard rather than ultimately advance the benefits of 
evolution. 
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CHAPTER XXII 

SENSATION IN PLAMTS — ^VITAL ENERGY IN THE 
ETHER — ANIUAL LIFE — INCUBATION OP THE 
EGG PROGBES8IVE CHANGES THEREIN. 

In describiDg the simplest oi^niaois that manifest 
life, it was pointed out that no sharp dividing line 
exists between animal and plant life, and that it ia 
often difficult, if not impossible, to say whether 
certain forms should be classed in one or in the other 
cat^ories. The vulgar conception that ncognized 
an animal as the only being with an innate potency 
of translatory motion is known to be erroneous. 
Not only have the lower forms of plant life the power 
of motion from place to place, but inversely many 
animals among the much higher orders are immutably 
fixed, often with less power of moving even any 
portion of their body than a flower possesses in the 
act of opening or closing it^ petals. Nor may the 
mental attributes of animals be totally denied to 
plants. Tbey seem to possess in the lower, as well 
as in the higher orders, a certain (jon«ciou#nes8, a self- 
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deter mioatioD of parpoae, in seekiDg or avoiding 
light, in directing their rootlets towards water, in the 
movements of the stamens and pistils, and other 
phenomeoa of v^etative life, that are as curtoiis to 
observe as they are difficult to esplfuo. 

In the absence of any tissnea or fibres corresponding 
to the nervous systems of animals, one fails to find an 
explanation of the movements of the sensitive plant 
on being touched, or of the closing of the glandular 
hairs <^-the Sun-dew (Drosera) npon an insect that 
lights on the flower, to be quickly digested by the 
acid pepsin that the plant secretes. The leaves of 
the Venus Flytrap (Dioncea Muscipula) are fur- 
nished at their ends with two semi-circular lobes, 
provided inside with short, sharp bristles or thorns; 
the lobes have teeth-like projections on their margins, 
and Uiey close tc^ether like the covers of a book. 
A viscid secretion on the inner surface attracts 
insects; on alighting thereon, the lobes close suddenly, 
imprisoning the insect, which dies and is digested. 
If small pieces of meat or other nitr<^nous food are 
thrown on the open lobes, the same action results; 
but if sand, fragments of wood, or even amylaceous 
substances are scattered thereon, they produce no 
effect, and remain on the open lobes until washed off 
or blown away. A^tation of the phint, or n 



DoiizccbvGoogle 



SENSATIOff IN PLANTS 

cally touching anj part, is at all tinies without 
effect 

Id these and Jd many other plaots provided with 
similar sensitive contrivances the plasniodiuiu may 
be seen in motion in the vessels that appertain to the 
specialized oi^ns. It appears to fulfill the functions 
that the nerves do in animals when they carry to and 
from the hrmn the impressions produced by the 
senses, and subsequently transfer therefrom the vM 
power that controls muscular contraotioD. The 
mechanism, however, that would seem to be required 
for such substitution has never been observed, though 
it is said that electric currents have been noted, 
which might have some analogy with the electrio- 
motor character of the nerves and muscles. 

No structures or ot^ns are known in plants that 
correspond to the cerehro-spinal nervous centres in 
animals. The conversion of the purely chemical and 
pliysical metamorphoses in the higher plants as well 
as in the lower orders, into the inexplicable phenom- 
ena of sensation, and voluntary motion, seems not 
to be related to a special division of the plasmodium, 
differentiated for that function, but to be the general 
attribute of the whole plasma. It shows itself as 
active not only in the specially sensitive plants above- 
named, but also in the petals of flowers, in the move- 
ment of leaves, and in the translatory motion of the 
i8 373 
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youDg algsa cells and of their reproductive epores. 
It must be looked npoa as a manifestation of that 
energy which, oonv^ed by or through the Ether, 
finds ezpreafflon in other instances in animals through 
an intricate plexus of nerves and blood vessels, but 
which can also be manifested, when needed in a 
simpler form, by less complicated mechanism. Since 
the power or energy that acta is not inherent in the 
plant, but in the Hher, air and UgH tliat surrounds 
it, this power can find in the simple, shapeless, nnked 
amoeba, that looks like a drop of liquid gelatine, the 
capacities adequate for the conservation of life, the 
power of motion, sensation, volition, and ultimately 
evolution into a higher form of life, perhaps even 
into the very highest ! An organism which has 
sprung from the very dust of the earth is animated 
by the same power that moves the life blood of men, 
and that may have in part come hither not only 
from the Sun, but also froni other far off and 
unknown stars and worlds I 

The distinctive line of demarcation separating 
plant from animal life, as already stated, is not the 
power of motion possessed by the latter, but the &ct 
that all animal life depends aloue upon the absorption 
of Oxygen in respiration and the consequent oxida- 
tion or combustion of the body and its tissues, thus 
liberating in various forms, the energy that had been 
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stored up hy the Ether in the living plants that the 
animal had consumed. To us, who move about on 
the floor of an aerial ocean, drawing therefrom the 
breath of life, but which our immerBJon in the water 
near ub would quickly end, it seems at first thought 
strange that the respiration, on which all animal life 
depends, should be identically the same to the inhabits 
ants of the water as to those of the land, Haxi former 
breathing through the gills the oxygen dissolved in 
the water, the latter, through the lungs, that in the 
air. The water contains only four per cent, of its 
volume of free oxygen and the air twenty per cent.; 
yet as the contact of the fluid with the blood, through 
the gitls, is more intimate £han tlutt of the air, with 
the blood in the lungs, it is even more effectual in its 
action. In all probability life was first manifested 
in the water. Many of its simpler forms are yet 
found there only. The order of their evolution seems 
to have been from fish to marine reptiles, then to 
' land and flying reptiles ; next, birds ; and, lastly, 
tlie mammalia. 

The phenomena of motion, sensation and conscious- 
ness, faintly and exceptionally existing in plant life, 
find their full demonstration in the life of animals. 
The debatable ground occupied by the lower forms — 
the " Monera " of Haeckle — has been mentioned, and 
they have been sufficiently discussed. £vea to at- 
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tempt the sligfatest skrtdi of the progreseive com- 
plexity of structure that attends each upward fAep in 
the order of Animal Life would require this article 
to be a treatise oh comparative physiolt^ and ecology. 
To examine tlie dividing line between that which has 
•oat life and that which Aos, to note the first occurrence 
of organisation, and to observe the way and the only 
way iu which life is formed— e resultant from a pre- 
existing life of a parent — has been our purpose. It 
is better observed in the v^talive world than it can 
be in the animal. The reproduction of life from the 
parent cells, and the physiolo^cal changes that ths 
microscope reveal, are essentially alike in plants an<l 
in animals, and, from obvious reasons, are better dis- 
CD39ed, as they have been here, -in relation to the 
former. The analt^ between the germination of a 
seed and the development of the bird from the egg 
may, however, be momentarily considered. 

The process in the formation and growth from the 
germ is essentially the same in tlie viviparous as it is in 
the oviparous animal, yet it can be far better observed 
in the latter than it is possible to do in the former in- 
stance. A close analogy exists in many ways be- 
tween the seed of a plant and the ^^ of an animal. 
As has been already stated, the greater portion of a 
seed, a grain of com for instance, consists of material 
provided for the subsequent nourishment of the germ, 
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which is miomecopically small ; starch, gluten, oil, 
mineral salts arc stored in tlie grain in readiness for 
the demand the living g«rm will make when the con- 
ditions of warmth, air and moisture will awaken it 
from its sleep. A long sleep it may be, for tlie seed, 
wrapped in its tough, membraueous, outer skin, may 
preserve its potency of subsequent vitality unchanged 
for years (though not, as often falsely stated, from 
the time of the Pharaohs!). All the elements re- 
quired for the young plant are present, and upon 
which, when in the ground, it draws and lives, until 
it enters the world above, fitted to find its own food 
from the air and soil. 

A provision of essentially the same means towards 
the same end is made for the embryo bird. The 
fertilized ^g of the barnyard fowl may be taken as 
an example of all eggs. It consists, as is well known, 
of the outer calcareous shell, of the thin lining mem- 
brane thereof, of the albumen or white of the ^g 
and of the yolk, or the yellow oleo-albumiuoiis cen- 
tral portion, both containing phosphorous and sulphur, 
as all protoplasm does. Most important of all, but 
occupying so little of the total weight and bulk as 
usually to escape notice, is the germmaiivt vmcU, 
the actual, limng e^ itself; all the rest constituting 
merely the storehouse and provision for its growth 
and maintenance until it leaves the «hell as a living 
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bird. In the (^ above named, od careful examina- 
tion, there will be found, always on tlie iipper nuriace 
of the yolk, a white, circular, disk-like spot ; the 
CicatricuU, about one-quarter of an inch in diameter 
(.006 m), that is uncovered by tlie layer of vitelline 
or gelatinous albumen — the " white of the e^ " — that 
surrounds it. A sort of canal, formed of the gelatinous 
vitelline, connects it with the centre of the yolk, in 
which there is a cavity. In the middle of tlie little 
disk is a small, membranous, somewhat lenticular, 
white body, from one-sixteenth to one-twelftli of an 
inch in diameter (.0015 to .002 m) ; it is transparent, 
and the surrounding margins have a radii-like struc- 
ture. This is the fertilized germinative vesicle. In 
it alone is the potency of the future life. All the 
rest of the e^ is to serve only for its protection and 
nourishment. At the centre of the lai^r end of the 
e^ a small vacuous space is formed by the vitelline 
detaching itself from the shell and investing mem- 
brane. This space, which iifcreases from day to day, 
is filled with air that enters tlirough the pores of the 
shelL If kept in a cool place, at a temperature of, 
say, 40 to 60 d^rees F., an ^g will retain its pro|)er- 
ties for a number of days ; it will also resist a low 
temperature. It has retained its vitality even when 
exposed to the cold of 10 degrees F. A fresh-laid 
^ has a specific gravity of 1,078 to 1,094. It 
378 
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loses daily 0.0018 ia specifio gravity, principally from 
the exhalation of carbon dioxide. 

The process of incubation by which the aimple 
cellular mass of plasmodium is converted into the 
living chick is simply the same process that takes 
place in the germination and growth of a seed, only 
that a higher temperature is requisite for its origin 
and continuance. When the hen has laid as many 
c^gs as she can oover — usually about a dozen— 4n 
irresbtible desire to "set" overcomes her. The 
sitting hen is in a curious, peculiar 8tat«. She seems 
to present all the symptoms of fever, her eyes are 
sparkling, her skin burning, she drinks more than 
she eats. To see her ardor one would say that she 
comprehends the importance of the function that she 
exercises. Bufifon says : " But what is most remark- 
able is that the attitude of a sitting hen (uue cou- 
veuse), however wearisome it may appear to us, is 
perhaps less a source of ennui than it is a state of 
continued enjoyment. The more delightful because 
it is inherited, for nature aeems to have placed a 
charm in all that has relation to the multiplication of 
the spedes." 

The temperature required for incubatioD is 105 
d^rees F., continued for twenty-one days. This is 
afforded by the animal heat of the sitting hm, but 
ia equally effective if furnished from any other 
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floarce, provided that the other peoessary oonditions 
of fresh air without excess of moisture are also 
present The loss of weight during iocubatioa is 
about twelve per cent, of which the greater part is 
due to the evaporation of water. The absorption of 
oxygeu nearly^ compensates for the loss of carbon 
tuul hydrogen by oxidation, and exosmose of one 
portion of the plasmodium in raising the remainder 
to the higher organization of the living chick. 

The progressive uhanges in the %^ under the heat 
of iucubatioQ have been frequently studied. At Uie 
«id of three hours the dcatricula has increased from 
.006 to .008 m, the transparent centre to .003 m.* 
In six hours the cicatricula had become ,0085, the 
centre .0035. The embryo has a length of .001 m. 
In nine hours the cicatricula measures .009; the 
pellucid area .004 m. The shape more decidedly oval 
and a structural texture more evident. The embryo 
now is .0027 m in length and its mai^inal surround- 
ings better defined. In sixteen hours the disk oon- 
tfuning the embiyo shows great change. The upper 
lateral surface is much contracted by becoming 
rounded, and the folds that the membrane has made 
in thus changing are bent back like a vail before the 
cephalic extremity of the embryo. Below, the sides 

• A Meier is about fort? incheB. A millemeter (.001) is approzi- 
matel? one twentf-filthof an inch. 
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fbrm a concavity in the middle part, th«r maigiDa 
oomiug togetlier under an acute angle, oomparable 
to the shape of a lance head, the embryo occupy- 
ing the middle position. The groove that is to be- 
oome the vertebral canal becomes distingaishable, and 
tlie latter soon after is formed. The cicatricula is 
now .016, the pellucid area .006 in diameter and the 
embryo .0055 m long. Three hours later it is 
.0065 m long. When the incubation has lasted for 
thirty hours the commenciug formation of the prin- 
cipal organs — tlie heart, I»ain, etc. — can distinctly be 
Been. At thb time a vascular network commeucea 
in the dcatrioula. The blood divides itself to the 
right and left of the embryo into a plexus of capil- 
laries, that gather finally into larger vessels that carry 
it above, or direct it below, whence it returns to the 
heart. 

In forty-five or forty-six hours there may be seen 
towards the abdominal region of the chick a trans- 
parent membranous vesicle about the size of the head 
of a pin. This develops rapidly, spreads itself over 
the surface of the yolk, and finally invades the whole 
inner surface of the shell, to which it attaches itself. 
That portion of the vesicle which is in contact with 
the shell is abundantly provided with blood vessels, 
and it is evident that the blood which is sent thither 
is venous, whilst that which returns is arterial. It 
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oorresponds to the allantois aod to the chorion id the 
mammalia. The amnioa shon^ very clearly on the 
third day. It is evidently derived from a fold of (he 
cicatricuhi, which envelops the chick after having 
formed the abdominal cavity. The development now 
pn^resses uniformly. The remainder of the yolk ia 
found enclosed within the abdomen as soon as the 
latter is formed, and serves to nourish the chick for 
the first twenty-fours after the young bird has 
escaped from its shell. During incubation respira- 
tion takes place at first, as before stated, by absorption 
of oxygen through the air space that is found at the 
large end of the shell soon after it is laid. After 
two days* incubation the blood vessels that spread 
over the inside of the shell absorb directly by endos- 
mose the oxygen that penetrates through the pores of 
the shell, the latter becoming more porous as the 
incubation progresses, the shell becoming more and 
more brittle proportionally, and at last is readily 
pierced by the beak of the bird.* 

Thus within three weeks, under the influence of 
beat, mobture and oxygen, the mass of plasmodium 
oonetituting an almost undiGferentiated cell — the new 
laid e^^ — arises from the condition of structureless 
protoplasm into that of a highly organized, living 
creature, with its wonderful apparatus for the circula- 

•Piarre Iatoobm. T. XI. P. 1»3. 
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tion of blood, its ceaseless rythmic heart action, its 
power of locomotion, and, most wonderful of all, the 
&cnlties of sensation, perception and volition. It is 
no longer merely an oiganism, curiously and elabo- 
rately made, but subject utterly to the outside influence 
of foreign causes, or the controlling action of wind or 
weather, as plant life has been. It is an independent 
being^ with its pains and pleasures, its fears and 
hopes, its likes and dislikes, its sorrows and its affec- 
tioos. The love and devotion that the moAer-fowl 
shows in watching, cariug for and defending her 
helpless brood has rendered her Epical of a mother's 
love. The courage, fierceness and fortitude of the 
other parent, in his battle to the death with his 
feathered rivals, has made him as proverbial for his 
qualities, and yet these and all other manifestations of 
animal life laid dormant within its shell, without 
more than the potency of living, until the vivifying 
influence of the light and heat of the Ether for 
twenty-one days gave it life and woke it into being. 

The changes that we can readily observe in the 
growth of the bird within its shell almost from its 
first conception, are almost identically the same in the 
growth of the vivipara, but, of course, are hidden 
from oar sight during the mother's life; the parent 
giving within itself, hour by hour, and day by day, 
the nourishment that is requisite, and that is pre- 
a83 
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pared, as demanded, not from a BtorebouBe provided 
Id advance, as in the egg. With those bom living 
the conversion of food into tissue and the oxidation 
of the carbohydrates and the nitrogenoas albuminoids 
in the parent, elevate a portion into the higher plane 
of ot^anization requisite for the existing life and 
for the new one forming; the phenomena of the 
growth of sensation, of conscioosness, and of will, 
being equally as impossible to comprehend in the 
vivipara as it is with the ovipara. 

The new-formed embryo, being the inheritor of the , 
protoplasmic cell structure from each of its parents, 
inherits likewise their individual idiosyncrasies. As 
the adults can only have fertile o&priiig when they 
are closely allied in species and conformation, their 
young will usually represent very nearly the average 
of the breed from whence they have sprung. The 
tendency to resemble the inherited traits of one line 
of parent^ more tJian that of another is dependent 
npon the conditions of relative adaptation of either 
parent structure to the needs of its existence, and the 
consequent development in its ofi^pring of that form 
of structure that is bed fitted for its life, rather than 
that of the other form. Thus are introduced varia- 
tions in some of their descendants that give rise in 
time to so great changes that new species are formed. 
The details, causes and oondilaons thereof oonstitate 
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die sulject matter of Darwin's doctrine of tlie 
" Origin of Species," and of the higher evolutions of 
life by nataral selection and by Uie " survival of the 
fittest." 

a8s 
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CHAPTER XXIII 

XTOLUnON OF LIFE — ORIGINAL HEANINO HUX- 
LEY'S DEFINITION — PBECUR30B8 OP DARWIN — 
HONBODDO, LAMARCK — THE OBIQIN OF SPECIES. 

The phrase " Evolution of Life " had in the 
18th Century a different meaning from that which it 
bears in the latter half of the 19tb. To Bonnet, 
Malebrancbe, Leibnitz, aa Philosophers, and to Mat- 
peghi, and to many other naturalists, the question 
thereby su^ested was, whether or not the germs of a 
new life contained witbiu themselves the perfect plant 
or animal in miniature, and which subsequently 
evolved, or unfolded Usdf, into the growing life by 
merely a process of augmentation. Malebrancbe said : 
" God has formed in a single fly all those that will 
ever come from it." Thus, tbey argued, the germs, 
past, present and future, were shut up (" emboit&i, ou 
incaste ") one within the other. 

To this couoeption of the nature of the germ, Bon- 
netadded another, which he thought equally plausible, 
viz. : that the germs of all beings (animal or plant) 
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are widely disseminated id a partiaHy developed state 
through the air and water, and wi]I become alive 
when they fall into an organism similar to that from 
. which they came ; thus constituting all surrounding 
nature into a vast reservoir for their conservation. 
Opposed to the doctrine of evolution was that held by 
Buffon — " I'aecolement. " He imagined a primitive 
organic uiatter, distinct from inorganic matter, com- 
posed of living molecules, incorruptible and always 
active. These molecules, spread everywhere, served 
for nourishment and growth. When the growth is 
finished the overplus of molecules is sent from all 
parts of the body to a reservoir or special oi^n. 
Those which come from a given organism recipro- 
cally attract each other, so as to produce a sort of 
miniature thereof. Thus the or^ns of the new beings 
are produced by the regular and harmonious accre- 
tions of the molecules in excess, and thus bear the 
impress of the parents. 

These doctrines of evolution, as then understood, 
and of Faccolcment, founded only on imagination, 
have given way to the third doctrine then held, of 
even older date than either, that of " Epigenesia," or 
that in which the germ is actually procreated by the 
parent plants or animals, not simply expanded or un- 
folded. It was held by Hippocrates of old, by Har- 
vey, by Etienne Geoffrey Saint Hillaire, and is now 
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the beais of modem evoluUou, It is purely the nega- 
tioD of the preqediDg hypotheses. It is merely a taw 
or system that unites bother the observed fat^, not 
an explanaUou of the &d8 themselves. jAs now on-, 
deratood, Evolution is thus described by Hnzley: 
He said : " Those who believe in the doctriue of Evo- 
lution — and I am of that number — find serious 
reasons for thinking that this world with all that is 
in it and on it, did not first appear with the conditions 
that now show themselves, nor with anything that at 
all approaches thereto. On the contrary, I believe 
that the conformation and the compo«tion of the ter- 
restrial crust, the distribution of land and water, the 
infinite varieties of plants and of animals that form 
its preeeut population, are only the last terms of an 
immense series of changes, accomplished in the course 
of incalculable periods by the action of causes more 
or less like those that are at work to-day." | Thus 
understood. Evolution embraces the geological theories 
of Lyell,and the doctrines of the "Origin of Species" 
of Darwin. It is generally understood by most men, 
a»iii»hgQt£ ymter of these pages, that tlie prooese or 
processes called Evolution, whether in Cosmic or 
in living Forces, are indicative of the manner, or of 
the means, by which the existing conditions of the 
world and of the Life around us have arisen. They 
are not the fiaal causes, but are the ^idait caoses 
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only ; tbe method by which the Higher IntelligeDce 
that rales the Universe has acted Ibrough natural 
laws. The Final, or deUrmina^ve, cause- of these, as 
of nearly every phenomenon, lies beyond the limits 
, of all biiman tiicnlties. 

Among the writers of the Eighteenth Century 
who turned their attention to the relations between 
the lower animals and. man, one of the earliest was 
James Burnett, Lord Monboddo, b. 1714; A. 1799, 
whose curious combinations of Aristotelian philosophy, 
classical learning and Orthodox religion, with 
credulous belief and original doctrines, excited the 
astonishment and ridicule alike of tbe learned and 
the unlearned world. Ao earnest adherent to the 
scholastic philosophy of the Middle Ages, and be- 
liever in the infinite superiority of all real knowledge 
as possessed by the ancient Greeks to that of the 
d^enerate men of his own day, he rejected tlie 
Newtonian astronomy as being &lse and materialistic, 
if not atheistic. He accepted, however, the belief in 
Merm^ds and Mermen, and considered as reasonably 
well-established by credible evidences, the existence 
of the men described by Strabo and mentioned by 
Othello — " Whose heads do grow beneath their 
shoulders." In contradiction to the general trend of 
bis theories, he devoted a large part of his two 
voluminous works (" Tlie Origin of Language," 6 
19 389 
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Vols., Octavo, 1773; and "Andent Metaphysics," 
6 VoIb., Quarto, 1779) to the advocacy of the doctrine 
that man is descended from the lower animalB, and 
that the Ourang-outang (under which name lie 
grouped a number of apes and the latger monkeys) , 
was really the lowest ibnn of — but nevertheless — a 
tme man. This theory of the derivation of man 
espedally excited the derision of all persons. Dr. 
Samuel Johnson, who was entertained in 1773 by 
Monboddo at bis country seat in Scotland, and who 
shared with him the love for classicttl learning and 
metaphysics, vith the like indifierence to mathematics 
and the natund sciences, spoke of him as "A Scotch 
Judge who has hitely written a strange book about 
the Origin of Language, in which he traces monkeys 
up to men, and says that iu some countries the 
human species have tails, like other beasts." He ' 
attacked Lord Monboddo's strange speculations 
on the primitive state of human nature, saying to 
Boswell : "Sir, it is all conjecture about a thing use- 
less, even were it known to be true. Knowledge of 
all kind is good ; conjecture as to things is good ; hut 
conjectures as to what it would be useless to know, 
such as whether men went upon all-fours, is very 
idle." (Boswell ; Johnson's " Journey to the Heb- 
rides.") This inchoate form of an investigation by 
Monboddo into the descent of Man was devoid of 
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scientific value from the absence of nearly all induc- 
tive evidence, and consisted mainly of inadequate 
a-priori reasoning, yet it was the only subject worthy 
of seriouB consideration in his voluminous pages, and 
will keep his name alive as one of the early pioneers 
into speculations that have since then changed the 
very basis of modern thought His classical learn- 
ing was useless to him ; his metaphysics and philos- 
ophy were erroneous or worthless; but what Dr. 
Johnson and others thought were idle conjectures, 
contemptible and ridiculous, have proved to be pre- 
mature glimpses by him, of the light to oome nearly 
a century later. 

In the development of the doctrine of Evolution, 
Jean Baptiste Pierre Antoioe de Monet, Chevalier de 
Lamarck, Jesuit Student, soldier, Botuiist, Chemist 
and Biologist, b. 1 744 ; d. 1 829, brought widely d ifferent 
faculties to the service of science. He was bom at 
Bazentin in Picardie. Wlien scarcely seventeen years 
old he escaped from the Jesusit College at Amiens, 
and joined the French army as a Volunteer on the 
eve of the battle of Wittioghausen against the 
allied armies of England and Prussia. His firmness 
and bravery were so strikingly shown that he was 
rewarded by being made a lieutenant, and as sucli 
distinguished himself in several engagements. Not 
long after, an injury accidentally received from a 
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fellow-officer obliged him to leave the army. After 
a year's illness and consequent oonfiaement, his 
necessities forced him to seek some other means of 
living. He determined to study medicine, support- 
ing himself meanwhile by employment in a banker's 
office, bis own inherited income not exceeding 400 
francs. After four years' trial, not liking the practice 
of medicine, he abandoned himself exclusively to 
botany. After several years of study he published 
his " Flore Francaise," in which he introduced a new 
system of chissilioatjon. Thanks to theapproval and 
assistance of Buffon and of Cuvier, hia work was very 
successful and had a rapid sale. He received a place 
in the Botanic Division of the Academie des Sciences. 
Buffbn procured for him the position of Royal 
Botapist. With the son of BuSbn, Lamarck visited 
the establishments and the learned men of Holland, 
Germany and Hungary. After his return to France, 
he contributed the section on Botany to the Encyclo- 
psedie-Methodique. He was appointed to takechai^ 
of the herbarium in the Cabinet of the Boyal Giardens, 
which he held until the Revolution in 1792 broke up 
all the Societies of Savants. With this event his 
botanical labors ceased. The following year the 
Assembly reconstituted the establishment under the 
title of the Museum of Natural History, leaving the 
occupants of the places to choose among themselves 
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the various new Chairs. Lamarck, being the youngest 
of the meml>er8, had to be contented with the least 
desirable of the positions — one that no one else 
wanted — that under which, according to the system of 
Liniiseus, were classified the worms and insects. He 
had until then paid but little attention to any branch 
of Zoology, but he devoted himself with such assid- 
uity to the new study that his work there stood on a 
higher level than even his botanical labors. To him 
is due the classification and the term of thfe " Inver- 
tebrata," which appropriately designates the distin- 
guishing feature in these large classes of living 
beings. He depended upon Cuvier for tlie anatomical 
details, as he had no practical facility therein, but 
supplied the power of co-ordination and classification, 
in which Cuvier was often deficient. 

It was unfortunate for the fame of Lamaivk, even 
during his lifetime, that the speculative nature of bis 
mind built theories upon insufiBcient or absolutely 
wanting foundations. With no practical or experi- 
mental knowledge of Chemistry, he attacked the 
doctrines and discoveries of Lavoisier, and attempted 
to overthrow by a-priori reasoning the facts carefuljy 
established by experiment. He also projected sys- 
tems of geology, meteorology and of natural philos- 
ophy, all of which had the serious &ult of not 
according with the known facts. The theory of 
"93 
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spontaneous generation which he advocated, though 
since held in later days by many learned men, has 
now lost all support by the disproof of its em- 
pirical occurrence. He rendered to mankind the 
eminent service of arousing attention to the proba- 
bility that all change in the organic, as well as in the 
inoiganic, world was the result of law, and not of 
miraculous interposition. His theories of tlie origin 
of species were, that tlie oigans of an animal were 
modified by the desires and will of the individual, in 
response to external conditions. The changes thus in- 
duced would be transmitted to their ofispring, subject, 
moreover, to like changes from new conditions, so that, 
if illimitable time was granted, it would account for 
the formation of the highest order of animals from 
the lowest oi^nisms. In accordance with this doc- 
trine, he held that man himself was derived from the 
species next below him, the anthropoid apes. These, 
opinions openly and forcibly expressed, though 
received with general indignation and ridicule at the 
time, and for generations of those who came after 
him, now serve to make his name illustrious. They 
embody the same idea subsequently demonstrated by 
Darwinand by Wallace to be true, and now elaborated 
by them into the doctrine of Natural Selection. 

Soon after Lamarck's appointment to his Zool(^- 
ical Chair his sight b^an to fail, so that he was 
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obliged to depend upon the assistance of others for 
the observation of the structure of insects. In his 
later years he became absolutely blind. To this trial 
was added that of very limited means, his peculiar 
views on scientific subjects not making friends for 
him with those in authority. The devotion of his 
children to him compensated for many other depriv- 
ations. His eldest daughter especially, moved by 
filial love, for years gave her whole life to him, 
lending herself to the studies that could enable her 
to replace his want of sight, and writing from his 
dictation the greater part of his later works. As his 
infirmities increased and confined him to bis chamber, 
she never lefl the house, " Feeling incommoded," she 
said, " by the open air, of which she had lost the 
usage." Such affection unfortunately is rare. It 
is no light eul(^y upon the character of Lamarck 
that he inspired such love and devotion in his off- 
spring. 

To Charles (Robert) Darwin {b. at Shrewsbury, 
Eng., Nov. 12, 1809 ; d. April 19, 1882) is due the 
merit of placing upon the basis of scientific demon- 
stration the theories and conjectures of many minds 
that had preceded him. He states : "The first whose 
conclusions excited much attention was Lamarck. 
Geoffry Saint Hillaire and many others have since 
895 
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then Bu^^ested the same or aoalc^iiB ideas. They 
scarcely advanced, however, beyond conjectures." * 
. The doctrines that are embodied in what is known 
as DarwiniBm are : 

1. The laws of Natural SdecUon, or the inherit- 
ance by plants or animab of the traits of ancestors, 
modified at times by such variations as may be of 
advantage to the young and growing oi^nbm, and 
which variations, if of benefit to the tribal order, may 
be transmitted by inheritance. 

2. The law of the Survival of the fitted, or the 
recognition of the struggle for existence, due to the 
constantly increasing number of plants and animals, 
while space for them, and food in, or on the soil, is 
limited. Those that are b^t fitted in strength and 
vital forces for the struggle, or those that undergo 
such modifications, either direct or indirect, as will 
^ve them an advantage over their competitors, will 
survive; the less fitted and weaker ones will die out. 
The offspring will therefore be from the strongest and 
beat of their kind. 

3. The Laws of 8&mal Sel&iHon. Manifested 
apparently, only in the higher order of plants and 
animals, at least scarcely visible in the lowest. In 
animals this selection is often dependent upon physi- 

• EiatoTical Sketch preGwing the first edition of the "Origin o( 
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cal strength only, as where the male overcomes, 
destroys or diives away his weaker rivals, Espedally. 
is this the case among polygynous animals, for 
instance — the ox famiJy, deer, the fur seal, the 
domestic fowl, and many others. In other instances, 
especially among hirds, an appeal seems to be made to 
an aesthetic sense, and as the beautiful is usually the 
exponent of health, strength and functional adapta- 
tion, the owner of the most brilliant plumage becomes 
the chosen one. With song birds the charm of their 
melody is equally effective. 

Among plants it is only those whose flowers re- 
quire fertilization by pollen carried to them by birds 
or insects that bear showy, brilliant petals. Those 
that have pollen broi^ht to them by the wind are in- 
conspicuous and colorless. With flowers, the biids 
and insects supply that consciousness and volition that 
the plants themselves are devoid o(. 

The above doctrines Darwin has established, not 
so much by experimente, for which the life of a man 
is too short, but by innumerable observadons that he 
has made in both kingdoms of nature, and by the 
thousands of explanations he has g^ven for peculiari- 
ties shown in animal and plant physio1(^ and struc- 
ture Uiat are otherwise unintelligible. The occurrence 
of abortive oi^ns, of useless structures, the facts of 
Embiyolt^, of Atavism, and many heretofore in- 
297 
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explicable pheDomena in oi^nic life, np to and in- 
cluding that of man, find only here their satis&ctoiy 
explanation. 

In the doctrine of Natural Selection and Survival 
of tbe Fittest, tbe variations from inheritance that 
benefit the individual or \\& descendant are ofWi pro- 
duced by unconscious resiwnse to external conditions 
in the environment, sometimes too obscure to be 
recognized, and constitute then what are commonly 
called accidental changes, but in reality they are tbe 
result of established laws, only so deeply involved 
that they are not apparent to UB. 

la tbe case of sexual selection a new motive force 

is supplied. It necessarily requires conscious action 

aud volition. These phenomena in tbe higher order 

of life are assumed to be present and efficient. 
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CHAPTER XXIV 

THE BRAIK IN MAN AND ANIMALS — STRnoTDRE- 
LES8, CONSCIOCS BEINQ8 — THE ORGANIC MECH- 
ANISM THE VEHICLE, NOT THE CADSB, OF LIFE 
— POTENCY OP LIFE IN BEEDB UNINJURED BY 
EXTREME COLD. 

The intellect of man and the reasoning faculties 
of antinals, whether thought to be difFering in degree 
or differing in kind, are unquestionably alike de- 
pendent upon the organization and atnicture of tlie 
brain. An injury to almost any part thereof, whether 
in man or beast, disturbs or destroys the action of 
the senses and obliterates tlie memory. Pressure 
upon the sabstance of the brain renders the subject 
unconscious or insensible. In man, disease or fever 
perverts the reason, and delirium or insanity take the 
place of tlie intelligent mind. Narcotics of alcohol 
at first stimulate to overaction, then stupify the brain, 
and oiiea establish a morbid habit that destroys the 
Will and the Moral Sense. 

Aiuestb^cs deprive man or beast of sensation, oon- 
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I and volition, leaving active only the an- 
conscious vegetative life of the cerebellum, the cere- 
brum and its higher faculties being in a state of 
stupor. It 18 known that the grey matt«r of the 
brain is the seat of the mental operations, but how 
it acts, or what are the metamorpheaes that take place, 
it is impossible even to conjecture. 

It is the ntecAaTUsm by wliich the Volition of the 
Ultimate Power converts other forms of Enei^ 
into Sensation, Consciousness and Will. When the 
brun of various animals, successively lower in tlieir 
organization, are examined, the convolutions of the 
cerebrum are found to be correspondingly fewer in 
number, simpler, and smoother on their surface. 
Descending still lower, the sensory ganglia alone are 
found, which, with the spinal cord, are sufficient for 
the functioDS of their life. With insects the cephalic 
ganglia control or direct the ganglia of the nervous 
system, giving rise to the reflex actions that mainly 
constitute — as Dr. Carpenter thinks — the manifesta- 
tions of instinct, often so wonderfully developed in 
this class. Thus descending ever lower and lower 
in organic life, increasing simplicity in general struc- 
ture is found, until the Amoeba among animal life 
and the Myzomycetes among plant life are reached. 
They show consciousness, sensation and volition, low 
in d^ree, but in no respect different in kind from 
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the faculties shown by others higher in the scale of 
life ; yet these living creatures are almost, if not ut- 
terly, devoid of oi^ans, structure, or any form ; no 
one porlion differs from another; all parts are brain, 
all stomach, all limb ; all parts are sensitive and seek 
or avoid the light. If broken up or divided each 
fragment lives on a life of its own. They are simply 
formless, shapeless, gelatinous masses, but capable of 
self-movement, of seeking their food and converting 
it into their own substance. They have sensation, 
volition and perception. Like the germinal chloro- 
phyll-holding cells of the Vaucheria Clavata, they 
are not merely-lumps of plasmodium with ikiG pt^^enoy 
of life J they are Umjig creatarea, having received life 
from parent organisms, and in turn begetting others 
with the like or higher capacities than their own. 

In observing the varied phenomena that nature 
offers in the many protean changes of enei^ from 
one form to that of another, such as the production of 
light, of heat, of galvanic or electric currents, there 
is a constant tendency to confound the meefumxm, 
eontrivaTux, or means, by which, or through which, 
the change occurs, with the vMmale cauge iU^; 
to lose sight of the pre-existing enei^ as the motive 
force, and thus to substitute oondiiiona for causes. 
In the days of exclusive, a-priori, reasoning this was 
natural enough; indeed, was inevitable. The ring- 
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ing bell waa a sufficient reason for the sound that 
reached the humsn ear. Tlie theory that the air vi- 
brations alone affected the ear that heard the sound 
was considered foolishness and &lse, until, placing the 
ringing bell in the airpump's vacuum, proved that 
where there was no air there could he no sound. 
There was a time when Sound did not exist on Uie 
earth^re on its sur&ce life appeared. When first 
cooled from its fieiy glow, " The wreck of matter 
and the crusli of worlds " undoubtedly gave origin to 
the contraction and expansion of the aerial spheres 
whose onward moving waves now carry Sound to the 
ear. But the waves then died unheard. No ear, 
animal or human, existed to transmit their impulse, 
and DO brain to receive them. They would only be 
" Winds that withered in the st^nant air," or beat 
silently on the rocks and stones, for Sound is only 
Sound when heard by the subjective brain; in itself 
it is only an aerial impulse, signifying uothing. 

The Electricity that was produced by rubbing pieces 
of amber was early ottserved by the Greeks. Homer 
in the " Odyssey," IV., 70, speaks of amber : " The 
flashing of gold andof amber, of silver and of ivory." 
The curious property it showed of attracting and re- 
pelling small light particles obtained its name — 
Electricity— from the Greek tem for amber— "Elec- 
tron." The legend being that in the Baltic Sea am- 
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ber was produced by the tears shed by the daughters 
of the SuD God — one of whose names was Elektron 
— bewailing the loss of their brother, Phaoethon. 
Amber was the source of mimberless fables, supersti- 
tions and romantic interests brought from the distant 
and almost unknown shores whence it came. The 
workmen who carved it were seized with strange, 
nervouR twitchings in tlieir hands and arms. It was 
thought to have a soul. Even to the present day 
the common people believe there is a charm in amber 
beads that will preserve infants from poison and from 
many ills.* The phenomenon was then sui generis; 
Electridty, otherwise unknown, was thought to be 
inherent in the nature of amber, and, as an occult 
foroe, was inexplicable. Its connection with light- 
ning was not dreamed of. Nearly thirty centuries 
bad to pass away before men knew that the foroe 
they felt and saw was in the ambient air and ether; 
amber was only the vehicle for its manifestation. 

Optical phenomena offer many such instances. 
In the Middle Ages the rainbow was considered to 
be a miracle. The writer of Genesis ix. 14 states: 
" When there is a cloud over the earth the bow shall 
be seen in the cloud." The original Chaldea-Baby- 
lonian legend poetically describes it: "A&r off, ap- 

• T. Haor« gingB at " The loveliest smber that ever the lorrawing 
aea-bird haa wept." Th« eislera of Meleager wept bo biUerlj over 
their brother'a death that Artomis changed tbern into birds. 
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proaching, the great Goddesa raised the great zones 
which Anu made for their glory." By all men the 
objective existence of the rainbow was believed in. 
Descartes, at the su^estlon of M. A. de Dotninis,* 
further studied and established the true theory of the 
apparent portion and shape of the bow. Newton's 
discovery of the prismatic colors completed the 
knowledge of the &ct that it had a subjective existence 
only and related its phenomena to the study of " The 
Physics of the Ether." 

It is hard to realize in our consciousness, although 
we welt know that it is the fact, that the beautiful 
colors of the world around us exist only on our retina, 
or in the nervous tissue of our brain. . The vibrations 
of the Ether carry the compound or white rays of 
light ; they are broken up by objects around us, as 
they are in the raindrop, some aljsorbed and some re- 
flected. The colored object seen has itself only the 
structural mechanism that separate the beam of white 
light into the colored rays, its components. The 
colors are in the Ether movements only; without 
them all objects in the world would be colorless and 
dark. 

■ Marc Antoine de Dominia, a Jesuit priest, 11166-1 S24, was arreBted 
Tor here^ and impriaoned io the Ciutle oF St. Angelo, nhere he died 
a few months aflOTward. His trial was continued after hia death by 
the Inquisitioii. He was convicted, his bodj disinterred and turned 
on the Campo del Fiori, where (jiordano Bruno had been banied 
»IiTe twenty-five yean before. 
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Thus Bhould we look upon the pheoomena of life : 
The liviag creature, plant or animal \a a mecAanism 
for transforming other forms of energy into that form 
called lAfe. In Its lowest and simplest form, so far 
as our senses or our knowledge can Inform ua, the 
creature is without differentiation of parts or organs ; 
is only a congeries of molecules, formed from a few 
chemical atoms : carbon, nitrogen, hydn^n, oxygen, 
sulphur and phosphorus, that make a substance called 
Plasmodium, producable only by inheritance irum a 
pre-existing, simUar, Umng eatatire. It has not neces- 
sarily any structure or difference of parts within it- 
self, but Aoa, even in its simplest form, the potentiality 
or capacity of serving as the medium by which the 
energy of the Ether is transformed into new forms, 
among which are senso^wn, cwwaoiMness and fo^ition. 

The •p'Aeaiialxiy of life seems to exist physically 
apart from the advmiy of life itsdj in the spores of 
the lower forms, and even in the seeds of the higher 
plants. If kept dry and cool, the latter can be pre- 
served unchanged for many years. The germs of 
many of the Bacteria will withstand uninjured a 
temperature somewhat above that of boiling water, 
and will afterwards develop into life under lower 
temperatures and &vorable conditions with their pe-, 
culiar and morbific properties unchanged. This per- 
sistence of life, or rather the continuance of the 
3o 305 



DoiizccbvGoogle 



THE PATH OF EVOLUTION 

potentiality thereof, has been and is even yet the sup- 
port of the adherents to the doctrine of Spontaneous 
Generation, They thought that in their experiments 
they had destroyed the germs of life in destroying 
exitUng life itself. 

The aAer vitality of the seeds of even the higher 
plants when exposed to excessive cold has long been 
known. It is, though, only within the year — 1898 
— diat the availability of liquid air has made it pos- 
sible to submit the seeds of barley, oats, peas, sun- 
flower and other plants to the low temperature of 
—295" — 313" F., or nearly 340 degrees below the 
freezing point of water; now — 1902 — even still 
lower, t« that of solid hydn^n, within 24° F. of 
the absolute zero, with the same result. 

Inasmuch as Life is an existence dependent upon 
certain cjianges of eaeigy continually occurring in 
the oifianism of living plants or animals, the term 
alive is not logically or scientifically applicable to a 
structure wherein no change whatever of energy or 
of composition occurs for a very long and indefinite 
period. 

These properties of withstanding the extremes of 
temperature by the germs of life tliat would be in- 
stantly fatal to life itself countenance the thought 
that, in plauts at least, the structure of the germ, con- 
sists of molecules of the chemical atoms united only 
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by mafU chemical q^nUy, such as exist in iuot^aio 
bodies, or io the derivatives of organic life, the 
glycerides, or some forma of the "albuminoids. These 
latter, if anhydrous, would sustain no change if all 
the etherial vibratioos called heat were withdrawn, 
even to the absolute zero, and would bear unharmed 
a temperature near to that of boiling water. The 
ultimate cell germ, though not Umng itee^, retains 
unchanged for years and years its potentiality of re- 
sponding to the etherial vibrations that convey heat 
and light, and that confer ihen upon the otganic 
structure the mystery of life. Tlie germs of animal 
life seem to possess, though in a lesser degree, the 
same dormant potentiality. In viviparous animals 
such persistence is of course unnecessary, since the 
conditions for life are ever present and never with- 
drawn. The ^^ of the oviparous vertebrate possess 
their future food in the form of liquid albuminoids, 
that a temperature even &r below the boiling point 
would harden and render useless. The necessary 
water for change of living structure and tissue for- 
mation is present in proper quantity from the be- 
ginning, and cannot be subsequently added to even if 
needed. Extreme cold that would solidify aqueous 
compounds by freezing must necessarily be destruc- 
tive. It is remarkable, though, what low temperatures 
can be borne with impunity by the ^i;s even of 
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birds, highly organized animals as they are. They 
will sustain without freezing and uninjured for some 
time a temperature hut a few degrees above Bero F. 
The experiment has not been tried, so &r as is known, 
of testing the viability of the ^^ of insects after 
subjection to the low temperature of liquid air. The 
iarmere, however, in the Northwestern States of our 
country know by painful and costly experience 
that the ^gs of caterpillars and other destructive 
scout^es of vf^etation readily survive the almost arctic 
weatber of 30 to 50 d^rees below isero F. 

In plants, as already has been described, spon- 
taneous motion occurs in the algte and others of the 
lower orders ; in the higher orders, with the excep- 
tions noted, it is restricted to the circuUtion of the 
plasma in the tubular cells of the plants. In the 
lower orders the motion named presents every evi- 
dence of being caused by sensation, consciousness and 
volition ; all limited and vague, but clearly demon- 
strable. The unnecessary substitution of the proper- 
ties of the term chemie-taxia, proposed by Metchni- 
koff, for apparently the volitional motion of the 
Amceba, Bacteria and Leucocytes, only introduces a 
new, obscure and unknown cause of action of which 
we know absolutely nothing, to explain that of which 
we know something, though, it is true, not very 
much. 
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The processes of evolution have not increased in 
plants the development of what may be called the 
mental forces of nature. The tendency of the roots 
of growing plants towards water, the grasping of the 
tendrils of a vine for the support needed for its 
growth, the varied phenomena of florescence and re- 
production, indicate no more of volition than the pro- 
tococas or vaucheria have shown. The functions to 
be carried on in the plant world, that of preparing 
food, liberating oxygen, and uf thus rendering animal 
life possible by their previous existence, need no ad- 
dition of increased duties or higher faculties than we 
find plants gifted with. 

The processes of plant life are essentially syn- 
thetical. They form from the inorganic molecules 
of the soil air and water, those compounds of carbon, 
hydrogen and other elements which, when reunited, 
make the plasmodium, tissues and fluids of cellular 
structures that constitute the food of animals. They 
^ve out to the air the oxygen they have set free from 
its chemical union with carbon and with hydrogen to 
become later the source of breathing for all animal 
life. On the other hand, the metamorphoses in the 
animal are essentially the opposite, the retr<^re83ive 
and oxidizing, whereby one part of the tissues and 
substances formed in the animal from the food pre- 
pared by plant life runs down the plane of oi^niza- 
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tion, forming ^ain carboo dioxide and water, during 
which action the energy thus liberated raiaee other 
parte to the higher plane of life's phenomena, to the 
fbnctional ezerdse of the various organs of the 
body, land to the manfestadon of consciouBneBs and 
wilt. 

Thus the lowest forms of life — ^the Monera of 
Haeckle — have parted upon thei r separate paths. One 
form, whose destiny it is to become the plant, the 
food provider, the ultimate mother of enei^y to all 
who will have ooosciouenesa in life, will remain itself 
as little conscious, or even less so, than before. The 
other, whose paths will divide, redivtde and subdivide 
again and again, on laud, in water and in the air;to 
whom the mechanism has been or will be given in 
its brain to bring into being part of that energy as 
thought and will that existed in the source from 
whence all came jwill lead a life of exertion, of care 
and trouble, of pleasure and of pain. 

The course of evolution, from the tower creature 
to the higher one, requires the exercise of all the 
faculties. Hunger must be felt by animals and food 
must be sought for; at first an easy task, bnt as 
numbers increase more and more difficult. Starva- 
tion and disease would thin their numbers, but in 
doing so all would suffer and the race det«riorate. 
The introduction of the Camivora saves from this 
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end, and procures a rapid and easy death to some of 
them, that checks the increase without injury to the 
race surviving. 

Ages pass away ! Those descendants from the 
distant past in whom evolution has reached a per- 
manent type best suited to tlieir environment pre- 
serve their type unaltered. It is probable no change 
could improve the beauty of form, the strength of 
limb, or the speed and action of the horse ; the 
oombinatiou of strength of wing and lightness of 
structure in tlie bird ; or tlie fitness of the dolphin 
for the water in which it lives. Many creatures, vast 
in form and strength, that lived in times long gone 
exist no longer. Others have supplanted them, bet- 
ter fitted for their place. Modification of the muscles, 
internal organs and of outward form seem at last to 
have reached that point when change could not 
bring further improvement. 
311 
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CHAPTEB XXV 

EVOLUTION OP MAN — HUXLBY'b VIEW — HABCKEL^ 
VIEW — I^NQUAGE, WBITIKQ, PRINTINO EVO- 
LUTION AND EMBBYOLOGT — THE MANIFESTATION 
OP HIM IH WHOM WE LIVE AND HOVE AND 
HAVE OUR BEDJQ. 

The course of evolation has been very bIow. 
Hundreds of thousaudB of centuries have come and 
gone since our globe separated from the vaporous 
mass that then constituted the bud and the inner 
planets — thousands of centuries since the earth he- 
came cool enough to permit tlie first life in any form 
thereon. Then, as the earth grew older, plant and 
animal life rose higher and higher in their order of 
being, unchecked even by the glacial ^es that for 
long periods drove all life far south of its former 
home. 

Prior to this gladal era a change took plaoe in 
the line of evolution. The bodily forms and func- 
tions, or what should be called the anatomy and 
physioli^ of life, had reached nearly the limit of 
present development, the construction of the or- 
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gans in the highest order — the Mammalia — bmng 
then, as now, esseutially the same in all. From some 
nukDOwn parent form, so &r as we know, now ex- 
tinct, came several lines of descrait; from some of 
them arose the anthropoid apes, the gorilla, oarang 
outang, etc.; from another branch Ancestral Man. 

Huxley thinks this common ancestor was a Pro- 
simian or Jjemur, graniverous or frugivorous, and 
arboreal in its habits. The Lemurs are represented 
now only by a few forms found in some parts of Asia, 
Africa, Madagascar and the Sunda Islands. Haeckel 
does not go so &r back for man's ori^n, and defines 
him as a "Decidual discoplacental, or catarrhine 
ape," with fur, and arboreal habits as before de- 
scribed. 

The Simian or Ape-like descendants remained un- 
changed ; they followed the general course of in- 
heritance, and are now what practically they were 
then. It is seen from the above that Haeckel diffeis 
from Huxley in considering the tnie apes our direct 
ancestors, rather than that there was a common an- 
cestor more remote, the anatomical structure of the 
placenta in apes, as it is in man, especially leading 
the former to that conclusion. 

Be that as it may, the divei^noe of the two lines 
of descent became wider and wider. While the 
apes followed the laws of general heredity, with the 
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usual occasional divei^Does therefrom, that gave rise 
to varieties aod species among the Simiao as among 
other families, their relative, the immediate aaceetor 
of Man, experienced a change not only in the i^ree 
but in the hmd of Evolution. When this time was 
it is, of course, impossible to say, but it is known 
to be within, if not before, the last glacial period. 
It is believed by many that man existed as man cer- 
tainly as early as the pliocene period of the Tertiary, 
This period was thousands of centuries ago — a short 
time only in the infinitude of the past, but almost a 
past infinity compared to our own short, individual 
lives. 

Haeckel considers man descended from one species, 
the catarrhine or thin-nosed apes, and believes Southern 
Asia was its native home. He thinks it not improb- 
able that a continent then eitisted embracing Mada^ 
gascar, the Siinda Isles, and approaching or joining 
the south of Asia and the southeastern shores of 
Africa. This possible continent, which he thought 
was man's probable birthplace, if it ever existed, is 
now sunk beneath the waters of the Indian Ocean. 
Here, he thought, might have been found fossilized 
the " Missing Link," the transition step between the 
highest ape and the lowest form of savage man. 
Geologically, this might be possible, for the age re- 
ferred to, the Tertiary, was the time of the elevation 
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t^ great monntain chains, in some parts of tlie north 
over 20,000 feet in hmght. As tbis wrinkling of 
the earth's crust has been caused by its contrac- 
tion and doubling upwards in some places, thus 
forming the mountains, other corresponding depres- 
sions must occur in other places, involviag a subn- 
daioe of extensive portions of land beneath the 
waters. Scientific investigation, however, has not 
confirmed bis thcoiy. No corroboration tliereof has 
been found in deep-sea soundings that such a 
plateau or continent in the r^on described had ever 
existed. 

The stractural evolution of the body of man must 
have kept pace — pari passu — with such modifica- 
tion of his brain aa enabled it to receive and respond 
to that higher form of energy that slowly raised its 
owner from the original level of brute consciousness 
and volition into that of the intelligence and will of 
the human being, even though that being was but a 
savage of the lowest type. Heretofore the prosperity 
of the individual animal and the continuance of 
its race depended mainly upon the perfection of its 
bodily oi^ns, the strength or swiftness of limb or 
wing, and the general muscular force that enabled it 
to capture its prey or defend itself against the attaok 
of others. The race then had been to the swift and 
the battle to the strong. The new line of evolution 
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changed this. Man, naked, weak, and bom without 
weapons of oETenoe or defence, deteriorated, physically, 
in his merely brutal powers from those of his ances- 
tors. He was forced to leave tlie shelter and safety 
of his arboreal existence by his increasing anfitnesa 
ibr that life and his greater adaptation for life on the 
open Und. The very existence of his race was threat- 
ened, and seemed destined to be ended. With the 
greater intelligence that improvement in bis brain 
made available, he learned how to keep himself from 
cold, to contrive means and implements to defend 
himself, to destroy his enemies and to kill his prey; 
for Man had become a camiverous, or, at least, an 
omniverous, animal, in place of living only on fruits, 
seeds, eggs and insects as his Simian or even Trc^lo- 
dyte relatives had done. The increase of brain prob- 
ably needed more nitn^nous food to keep up ite 
growth and develop its faculties. The discovery of 
the use of fire, aud the way to obtein and preserve it, 
most have modified the course of his whole life. 

To what extent the modificatioa of the Simian 
type had taken place, and at what time relatively 
thereto the power of speech was evolved, is a problem 
upon which little light can be thrown. It is pre- 
sumed that as nearly all the Simian race are gr^;arious 
(excepting the gorilla, which is polygamous only) 
316 
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they were able to commuaicate their wants in some 
manner to each other. 

The Chimpanzees and ourang oiitangs, tboogh 
more human-like in size, have less power of vocal ut- 
terance than the Gibbons ; the Hylobates Lar possess 
loud and powerful voices, hnt their utterances are 
those of musical intervals, not articulate sounds. The 
efforts of R. L. Garner, N. Y., 1892, to interpret the 
vocal sounds made hy the above spades into language 
indicative of their emotions or their Iheir wants, and 
to repeat the same to them again by means of the 
pbonc^raph, have failed so far of success. The 
Hanuman (Semnopttliecns) or Sacred Monkey of the 
Hindoos, as well as the Hylobates above-mentioned, 
though smaller and differing widely from the human 
form, yet possess a higher order of intelligence than 
those of the races Gorilla, Chimpanzee, eto., who out- 
wardly nearer approach to man. In the Gorilla, 
especially, it would seem as if the process of evolution 
had expended itself in developing the perfection of 
muscular strength at the espense of all other physical 
and mental attributes. 

With- the development of speech the existence of 
true man (Homo Sapiens) began. Language at first 
probably consisted of ejaculations only, possibly 
such as his progenitors had possessed, but now ased 
and understood in a definite and restricted sense. 
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The difficulty in ustug articulate laoguage would lie 
iu the capacity of the braiu to co-ordinate the produc- 
tiou of a certain sound with the identity of the thing 
or purpose desired ; not merely in the capacity of the 
vocal organs or power of articulation. When 
this co-ordination of desire, will and utterance was 
once established, man could speak. The further 
perfection of langut^ would be the work of practice 
and of time alone. 

After the attainment of speech, countless oenturiea 
must again have passed away, even to times historic, 
before the art of writing was acquired. Many savi^ 
tribes are even yet without it. The Epics of War 
and of Mythology found vocal expression and long 
continuance of life in the cultivated memories of the 
Thracian poets, the Greek Hhapsodists, the Scalds 
of Scandinavia and the Bards of Cymri and of Bre- 
tagne. In these epics, transmitted orally and chanted 
or sung, the poetic form and rythm preserved with 
wonderful accuracy from generation to generation the 
memory of real or of imaginary deeds, until in long 
after years they were committed to writiug. In this 
way a few of the brightest thoughts from the distant 
past have reached us : all else died with or soon after 
the brains that gave them birth. 

When writing was perfected, and records of past 

thoughts and acts existed so as to be preserved 
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indefinitely, the knowledge that the mind had ac- 
quired, no longer died with the memoiy of him who 
had possessed it. To the knowledge gained in one 
man's life, could now be added that which was best 
worth preserving, left by many of those who had gone 
before him. In this way the short span of life 
granted to man, has been extended both backward 
and forward, since he can learn from those who have 
long been dead, and can teach to others yet unborn. 

The last four centuries have witnessed the dis- 
covery and the general practice of the art of pnnting; 
to this invention is due the wide dissemination of 
knowledge, and the subsequent down&ll of much 
ignorance and superstition in Europe and in the 
Western World — banning with the downfall of 
SGholasti(nsm and the &l8e pbi]o60|M>hy that it 
taught. 

The evolution of the species of animals, through 
slight modifications of the laws of heredity, from the 
simplest non-structural plasmoid, to higher and 
higher organisms with increased functional capacities 
until Man is reached, has required hundreds of thou- 
sands of years. Strange as this procedure of evolu- 
tion may seem to ns, it finds strong corroboration 
and an anal<^y in the life-history of each individual 
animal, most strongly of all iu tlut of man. Em- 
biyol(^ teaches that human life b^ins, as all other 
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life does, in the ferUlized, almost microscopic, cell, 
without visible differeace between it and the corre- 
sponding germ cell of other mammalia. This cell, 
at first about ^ qf an inch in diameter, aa it grows, 
divides and redivides, as an amoeba might do ; then 
a grouping of these cells into a long, narrow disk that 
folds over into a tube-like shape, marks the com- 
mencement of the spinal marrow. The form thus 
made, the lowest vertebrate, the "Amphioxus," per- 
manentljr retains. The further metamorphoses are 
essentially similar to those described in the hatching 
of a fowl's ^^, the embryo as it matures passing 
successivdy through stages in which it is nearly un- 
distinguishable from the embryo of a fish, tortoise, 
chicken, d<^ or other vertebrate in relatively the same 
stage of development. The length of embryonic life 
being so much longer in man than in the above- 
named vertebrates, the similarity referred to continues 
so much the longer in the advancing stages, in pro- 
portion to their nearer resemblance to him in their 
general stmcture. The birth of every man is thus a 
type of his evolution through long past ages. 

When born, man, is of all animals, the least de- 
veloped and the most helpless. Without even the 
power of moving, with less apparent intelligence 
than an Ascidian, he is dependent more than any 
other animal, for many months for life itaelf, abeo- 
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lutely, upon a mother's care. For more than a year 
he is less advanced than a puppy is when oine days 
old. He has entered this life with the potency of in- 
tellect only. His brain will slowly absorb with bia 
breath and from his food the enei^ contained 
therein; the energy, reacting on its instrument the 
brain, may in time fit it to call forth the highest man- 
ifestations of this protean power that this world can 
know. Consciousness, perception and volition grad- 
ually appear, until, after the growth and education by 
the life around him, for nearly twenty years, the men- 
tal and physical development of the youth may be 
thought to be complete. He has individually passed 
through changes that faia race required countless cen- 
turies to accomplish. But so long as man lives, if 
his life be well spent, until disease or old age prevented 
his mental evolution may continae. 

The prepress of modern science, even as roughly 
sketched out in the preceding pages, has fully estab- 
lished the fact that the infinite range of phenom- 
ena, both in the inorganic and the organic world, are 
the manifestations of forces, working not by irregular, 
uncertain, or capricious acts, but by definite, certain 
and unchangeable laws. Uuder the same conditions 
and under the same forces the same results will 
always follow. It is further shown that the proper- 
ties of all parts of nature, or what is called matter. 
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are related in Bucb a maDner that they are subject to 
the same laws — that the/ are alike incapable of anni- 
hilation, or of being formed by man for nothing. 
The study of the maoifold manifestations of enei^y, 
through whose action all phenomena appear, has 
shown that all are but the protean, or ever changing 
forms of one inscrutable, unknown power, everywhere 
existing, uncreatable and indestructible; without 
which there can be no motion, and which is the 
source and cause of all motion. Through it are pro- 
duced and by it only exist what we know as Heat, 
I^ht, Electricity, Physical Motion, Chemical Action, 
Xdfe in plants and in animals, Sensation, Conscious- 
ness and Volition. The iot«lligence that is manifested 
in the reason of man is brought by it, for beyond 
this power is the intelligence of the Omniscient that 
rules the Universe. 

This protean Energy finds its simplest expresdon 
in the Cosmic Ether that penetrates this world and 
extends beyond the limits of the Stellar Universe. 
It is the carrier from the Sun to us of Heat, Light, 
Electricity, and of all the phenom^ia of Life. All 
we know of it, is what it brings to us. Of the ab- 
solute nature of the Energy in the Ether and in the 
Universe we know little or nothing. The volition 
that is hack of it and of other phenomena is only 
known to us as that fibst cause that is the 
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origin and sustainer of all things; that has no limit in 
time or space ; that is throughout the universe, and y«t 
in all things and in all beingB. It is through the In- 
telligence thus made manifest in His works that our 
finite and limited reason may hope, and does hope, 
better to know the source whence it came, the giver 
thereof, and of all good — to know that it is Gkd ! 
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CHAPTER XXVI 

AXX ULTIMATE CAUSES INCOMPBEHENBIBLB — UN- 
KNOWH NATUBE OP CHEMICAL AFPINmf — 
AM OVBBRULINa POWER, KMOWN IN ITS WORKS 
— THE UIKD CONCEIVES ITS OWN SEMBLANCE 
ONLY — THE PROBLEMS OP SIN AND DEATH — 
THE ANSWER OP EVOLUTION. 

It has been showa that id every pheaomenoD the 
final and ultimate nature of the energy involved, lies 
beyond the comprehension of the human mind. For 
instance, what is the action that constitutes Chemical 
Affinity? The ultimate atoms that are the suhject 
of this force, and which constitute by their union our 
physical frames and all the varieties of matter, are 
they aelf-existing and essentially independent in their 
intrinsic nature? Are they the molecular groupings 
of one primordial dement — of the viUmate atoms of 
the Elkert Or, finally, are they only the cenirea of 
foroR, without other existence than their own internal 
enet^ies; that differ as tlie vibrations of the raya of 
light do, one from another, and thus varying in their 
expresuon of foroe manitest the affinities of each 
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chemioal substance ? Many straoge relations that are 
found to exist in Chemistry might find in the last 
surmise their explaiiatioo. The discoveiies of Science 
are tending to hreak down the dividing barriers be- 
tween Physics and Chemistry, throwing the two realms 
of energy into one. But the nature of the force — 
Cliemical Affinity — under any view, is equally in- 
comprehensible. The inherent nature of Matter, in- 
stead of being ignoble and degrading as Scholasti- 
dsm taught, is thus shown to be as iTaiaaemdenkJi as 
that of the mwd itsdf, to the human intelligence. 

In the study of each phenomenon, of abstract 
existence, such as space, time, motion, energy and life, 
the limit of comprehension is soon reached ; that 
borderland of thought beyond which every alterna- 
tive that offers is alike unthinkable. The mind re- 
coils, baffled as by an impenetrable cloud that veils 
the Inscrutable within. In all times and among all 
nations the existence of an overruling power has been 
acknowledged. That power, the Absolute, the Un- 
conditioned, God, we can never know, at least not in 
this life, and of the life beyond we yet know nothing. 
The partial manifestations of his thoughts and deeds 
are before us to study and to know in the world 
around us. Our own mind or intellect is one of its 
highest objects of study, but it must be remembered 
that its Acuities are limited — tliat it can do nothing 
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and kaoir nothing in r^ard to that which lies be- 
yond its own limitations. It should be studied ob- 
jectively — the workings of other men's minds rather 
than our own. The doctrine of Aristotle and of the 
Scholastics that " whatever is possible to exist does 
exist," led naturally to the consequent belief that 
"all that exists in thought must exist in fact," and 
gave to subjective su^estion an objective reality. 
The Metaphysician, believing tliat the idea of each 
and of all things existed before, beyond and apart 
from each thing itself, transferred the idea of the 
highest attributes of human intelligence and will to 
the idea of an Omnipotent and Omniscient Being, 
free from the limitations of power, space and time 
that restrict man, but otherwise in the likmeaa of man. 
To him and to the Theologian of old the Creator 
and Sustainer of all things was an anthropomorphic 
being, moved by the emotions that move man, and 
governtDg Ixtth in the phenomena of this world and 
in all that concerns man's welfare, temporal and 
eternal, in an inconstant, capricious and uncertain 
manner. The evils of life, whether physical, such as 
earthquakes, floods, tempests, plague, pestilence and 
famine ; or personal sorrows, trials and death itself, 
were looked upon as punishments sent in revenge for 
national crimes or individual sins — the latter often 
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having no connection with the evil, under which the 
guilty and the innocent alike suffered. 

This idea of the Creator and Kuler of the world, 
though always anthropomorphic, differed in ita at- 
tributes with the different minds that thought. Like 
the familiar, half-mythical Spectre of the Brocken, in 
the Hartz Mountains, each observer sees iu the mists 
before him, an image, vague and indistinct, but super- 
human in size and shape ; yet to none is it the same. 
To one it may appear as a stem, austere figure, clad 
in the dark, scholastic robe of a Genevan Doctor ; to 
another that of a barefooted, roj>e-girdled monk, 
and to a third that of a tight and graceful image of 
innocent youth and beauty. Each sees only the pro- 
jected shadow of himself. The first, sees only pre- 
destinfririon and exacting justice ; the second, abn^a- 
tion of life's duties for monastic rule ; the third, the 
promise of life and happiness now and the hope of 
tiie better life to come, 

Our own thoughts and the thoughts of others can 
build up only what we and they have known — neo- 
eesarily a copy on an enlatged or magnified scale of 
what we are. So long as men looked only into their 
own minds they could form an objective idea of God 
solely from their own ideas, subjectively considered. 
To view the Universe as an evidence of the nature of 
God, was looked upon as debasing bv the Metaphysi- 
al? 
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cian, and sacreligious by the Theolc^ian. By most 
of tbem it is to-day still so considered. 

The orthodox teaching of the Church has been, 
and is to-day, that Death entered the world in con- 
sequence of Sin. Even those that do not adhere to 
the acceptance, literally, of the myth of the temptation 
and fall of man, yet look upon Sin as an absolute ex- 
istence that in some shape needs expiation, and 
upon Death ae an uumeasurable evil that unneces- 
sarily enters the world — that betrays a defect in the 
plan of creation, at least so far as man is concerned. 
They dream of a life that should have been here oii 
earth, wherein Sin and Death might never enter. To 
them, and to most men, the existence of evi) is in-' 
comprehensible. Why should the God of Love, Jus- 
tice and Mercy permit pain and sufiering to those 
who do no wrong, and why should sin, depravity and 
wickedness, riot through the world, rejoice and pros- 
per at the expense of the innocent, rob them of their 
owninga and often of their life? If Omniscient, does 
He not know it? If Omiiiiwtent, can He not pre- 
vent it? The Hebrew prophets imd poets asked 
these questions. Their only answer was : It was the 
will of God ; do good and avoid evil ! The Zoroaa- 
triaos believed in the dual principals ; Ahura Mazda, 
the author of all good ; Ahriman, the author of all 
evil. Early and Mediaeval Christianity : in Original 
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Sin , or disobedience to God, to which was added a 
vivid belief in the pereonification of evil — the Devil. 
To all thinking men this question lies ever open and 
unaoswered. The object of most religioDB is an 
attempt to answer it; of all> to point out a method to 
avoid the consequences of evil-doing and to obtain for- 
giveness for the evil done. It is not to be expected 
that man should ever fully comprehend all that these 
questions involve, still less presume to answer tcAy 
God has thus done. All that man can do is to strive 
to know what has been done, and ham it has been done. 
If it is only the trviOi that is sought for in every 
step of the search, the reason why, will sometimes also 
be disclosed. 

If it is asked why God has made living creatui-esto 
Eulferandtodie, itmay besaidtliat God did not create 
the world or ita animate creatures as man might 
create a watch. God is the life of the Universe, vast 
as it is, and lives himself, in part, in the life of each 
creature, and therefore rejoice in Uajoya, and eorrows 
in it» sorrow. His laws, made for all, are for the 
good of all ; but to the individual must unavoidably 
often give pain as well as pleasure. To the idealist, 
who from his own ideas projected, forms the idea of 
Grod, the Omniscient is also the Omnipotent, to whom 
the impossible is possible ; who can by his fiat change 
all things at will. Science does not pretend 
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to know what God can do or cannot do ; but 
the observation of his works shows that he does not 
alter the workings of his laws. To believe that the 
order of existence should be difierent from what we 
know it is, because man's judgment might deem it 
better to be so, may be very natural ; but it is the 
judgment and the wisdom of Ignorance. We know 
but little of life on this globe and nothing of life else- 
where. All we do know is that all things are gov- 
erned by the stru^le between opposite tendencies and 
forces that work for the general good ; the power 
therein is limited &^ tfs own ads; that which is best 
to do has been done and must be done, though the in- 
dividual may suffer. 

He who is conversant with the phenomena of Na- 
ture, whoever has read the slight description in these 
pages of the Path of Evolution, must be conscious of 
the manner in which each phenomenon is interwoven 
with and dependent upon other phenomena of wider 
aud deeper generalization. Thus one of the possibil- 
ities of life rests upon tlie indispensable presence of 
liquid water. This can exist as euch only within 
narrow ranges of temperature, and, though it remains 
in mass unmoved from its ocean bed, is yet carried in 
vapor in the shape of clouds, that turn to rain, and is 
scattered over the thirsty land to give life's blood to 
the growing plants. By properties peculiar to it and 
330 
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different from those foand in other fluids, wHcd near 
the freezing point it becomes lighter ax U beeomea 
colder, so that the mass of coldest water keeps near ike 
mrfaee — becomes covered with a layer of ice I ighter 
than itself — ^while the deeper wat«r is heavier and sev 
eral d^rees warmer. If its properties a little below 
the freezing temperature were such as tiiose of other 
fluids, most of tite rivers and oceans near our land 
would freeze solid and never melt again, nor would 
clouds form, or rain fall on the dry and distant land. 
Many substances like Ice are lighter when solid than 
when fluid, and ^erefore float, but no other liquid 
than water becomes lighier as it becomes oold^. 

The relation existing between vegetable life and 
animal life, by which the former draws its subsistence 
from the inorganic world, from water, carbon dioxide 
and the soil, giving on the one hand the food tliat 
the animal must have but cannot make, on which it 
subsists, and on the other hand the oxygen, only by 
breathing which it lives. The Ether, bringing heat, 
light and life from the Sun ; the properties of the air ; 
the earth ; our own frames wonderfully made— aW 
show the work of an intelligence that rules through- 
oat, making each detail a consistent part of aU. No 
healthful and unprejudiced mind can fail to see thous- 
ands of instances of thought and purpose manifested 
everywhere. 
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The doctrine of Design — Tdedogy, ax it waa for- 
merly underwood, has met in late years with the disap- 
proval of most scientific men. It was eagerly adopted 
by Metaphysicians, who, starting with tlie a-priori 
view of both Pagan and Sacred Writers that this 
globe was the centre of the Universe, around which 
all else moved, and the scene of man's immaculate 
creation, it was natural to suppose that man, though 
fallen, was still the great object for whose wel&re all 
else was contrived. This was and is tlie Teleology of 
Theologians which Science does not accept. The 
progress of scientific knowledge — above all, the gene- 
rally accepted doctrine of Evolution — has displaced 
man from his early eminence, and relegated him to 
his i)lace in nature — merely the greatest, the most ad- 
vanced member of a chain of beings, more or less like 
himself; each of which shows in its lineage the same 
evidence of' intelligent volition and of wise purpose 
in its construction, that he himself can show. 

The Teleology of Science is very different 
from that of the Metaphysician or the Theologian of 
old. Without any a-priori assumptions, it meets 
everywhere with the overwhelming evidence of an 
intelligence that has made and maintains ti^ existence— 
the Volition that animates and moves The Uni- 
verse and all that b therein ; not apart from nor 
outside of Nature, but in Nature, sustaining the VtSa 
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of each creature and each plant. The God of Science 
moves not in erratic changes of irniptive volition, 
but in established laws of wise prevision. To know 
and to ohey these laws is to do right ; to ignore or 
violate them is to do wrong. The consequences of 
wrong-doing follow, irrespective of the motive,* and 
usually carry their own punishment. 

It has pleased God to bring into existence oonsci. 
ous, sentient creatures. To those first formed, with- 
out organs or with simple and low organization, a low 
form of oonaciousness was given; the power of 
adaptation to better and more favorable conditions 
was bestowed, and with it the internal adjustment of 
their innate conformation in conformity thereto. Dif- 
ferent traits inherited from their several parents in- 
duced various lines of development Those that 
increased the functional capacity of certain organs, or 
made possible the higher development of the species 
into better forms, would be preserved, and would 
continue atiU to improve; those that retained the 
parental form in normal vigor would cowitnuc un- 
dianged; those less fitted or unfit would die ouL 
Thus the races would advance : those well fitted to 
lead a constant, self-adjusted life would continue as a 
species, in which the offspring would continue to 
reproduce the original parent traits, with but little 
chfuge, for generation after generation. This condi* 
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lion would repeat itself indefinitely until slowly the 
numerous vitrietiea of creatures that now exist were 
fonned. This is the process of the Evolution of 
Life I The highest step tlierein is that whieh has 
given to the brain of man the ability to turn into 
mif^ectke thought and distinct memory the consciotw- 
neee thai ia pad. In the lower brain of animals this 
ability scarcely, if ever, lived ; but the unconscious 
record of inherited 'taaemories impressed thereon, be- 
came the instincts, that in them moved and governed, 
but knew not why, repeating witliout subjective 
thought the actions that their ancestors bad often done 
before.* 

■ The often repeated acta of tiiejr progeniton, producing by " oo-**- 
Bociation of the nerre cells, those reflex actlona, partly conscioiis, 
partly involuntaiy in their deeceDdanls, that we name JDrtincta." 
They are called into being by the Btimnliu ofiered by it« hnngw or 
by its other wanta. This co-ordinaUon of nerve cella, stimulua and 
reflex Bction had become heredilaty. 

W. Benthall, M. D.— Bead before the Derby Medical Sodaty. 
(From the Sci. Amer. Snpt., Not. 1«, ISOl.) 
334 
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CHAPTER XXVII 

YOUNG ANIMALS — IBFAHCY — CHILDHOOD — DISCI- 
PLINE OF LIFE IN HAN, IN WOUAN — MENTAL 
DIFFERENCES IN SEX — SCHOPENHADSEB'S PES- 
BIUIBH. 

The question may arise, Is life to any Animal 
worth living? The simplest answer is, "It is, or 
Vfhy should it be given ?" but this, it may be said, is 
merely "petitio principii." But who can look on the 
hordes of lower life, upon a swarm of gnats on a 
summer evening, at a flock of birds on the wing, 
to a number of animals of any kind, exulting in the 
power of motion, without seeing that they are rejoic- 
ing in life itself? As Monboddo said : "There can 
be no doubt that the brute creation have a greater 
pleasure in mere living, than the higher creature, 
man, can ever know." 

All animals of the higher orders, including man, 
b^in their lives alike. Born imperfect, weak and 
helpless, they are dependent upon their parents' care, 
at least for guidance to food, if not for the food itself; 
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for watinUi, for ebelter and protectioD. Bepeuding 
thus upon B stroi^r and a wiser one than themselves, 
thej are relieved in part or whole from the thought 
and care for the preseut momrat and the immediate 
fiiture that lat^ iu life awut them. Their new- 
born energies surprise and delight them ; to run, to 
leap, to ezerdse their muscles, is \a p1a/> At first 
the inherited records on th^r brain of acts oft re- 
peated hj thdr prc^enitors, unconsciously lead them 
in the guise of instinct to do what is best to do ; the 
parents* example teaching them later as they are 
able to learn. Thus, in Ham exuberance of youth- 
ful blood, to eat, to sleep, to run and to play, to 
know DO danger, feel no pain, lo have do care or 
thought of the future, mere exisC^noe is perfect happi- 
ness ! As they grow older the duties of life come 
on. The nearly adult animal has at first only itself 
to feed and to forage for, but anxiety, watchfulness and 
fatigue take the place of careless play. Its faculties 
are sharpened by avoiding danger or in seeking its 
prey. Mere pleasure has to yield its place to duty 
that carries pleasure with it — at first in caring for 
itBelf, and later in caring for others. A new hap- 
piness comes with tbe latter — tbe love for its oET- 
epring. 

Our own childhood is much the same as that of 
other animals. For tbe first year tbe child has but 
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little coDsciousoess of aught beyond a vegetative 
life. Ite atter helplessness, its inability to move 
about, to express any want or feeling otherwise tlian 
by cries expressive of discomfort arising from pain 
or hunger, make it absolutely dependent upon tlie 
mother's care. During this period it is probably not 
conscious of more than a vague feeling of comfort 
and satisfaction if it is well and its wan.te attended to, 
or of equally vague Bensations of discomfort if the 
conditions are otherwise. About the beginning of 
the second year a great change occurs; the evidences 
of the ' mind higher in intelligence than those of the 
other mammalia now b^u to manifest themselves. 
The boy recognizes persons, shows that he under- 
stands in part when B]K>ken to, manifests the same 
pleasure in moving his limbs, and later in moving 
about, that all young animals share. With his 
growth comes the power of walking and running; 
with that of speech the establishment of the faculty 
that distinguishes man from other animals, and raises 
him into the world of his own. 

The next four years of the child are like those of 
the young of the higher mammalia : as they do, so 
he rejoices in the exercise of his bodily and muscular 
&culties. He delights in running, jumping and 
frolicking, in the same manner and for tiie same 
cause that the lambs and kittens do, and as they 
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ue so is he, free rrom care or thought of the morrow, 
Eveiy passing moment gives him a lesson from the 
world around him, which be leanis unconsciously. 
No tasks are set him, and, his mind expanding, seeks 
to know and greedily drinks in all that stimulates 
rather than satisfies bis cnrioeity. When six or seven 
years old, before he undei^oesthe discipline of school, 
a healthful and properly brought np child probably 
enjoys the perfection of animal happiness ; not only the 
strictly animal functions an r^oicing in their ap- 
propriate exerdse, but his awakening mind, becom- 
ing conscious of the objective world around him, 
looks down a thousand vistas that open before bim, 
all offering hopes and pleasures to his view. His 
dependence upon those that care for him and from 
whom be receives only loving kindness, teaches him 
to love in return ; bis affection prompts him to seek 
for companionship and sympathy where he is sure to 
find it He is conscious of hie helplessness, and 
flies for love, comfort and protection to her who so 
gladly gives them. With him health is happiness : 
thus a little (fellow of these early years, coming, as on 
every morning, into his mother's room crowing with 
joyful noise, was asked why he made those queer 
little sounds: "Oh, I am so happy I don't know 
what to do ; I feel as if I mutt scream out loud be- 
cause I am BO happy I " This is the very happi- 
338 
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THE YOUTH 

ness of liffi itself, in wbich the lower life of other 
creatures participates, perhaps surpasses ns, io its en- 
joyment. 

With his advaucing age the boy's pleasure in mere 
animal life lessens. His school days b«^iu; the 
duties of life claim his Ume, and confine him more 
or less to stated hours aod away from his games and 
plays. The impulse to muscular exertion and con- 
tests of bodily strength, partly in friendly, partly in 
hostile strife, take the place of more childish play ; 
the culture of his mental powers occupies increasingly 
his time and thought; his duties become more and 
more onerous, but with the healthy braiu and body be 
learns a new pleasure — that of overcoming difficul- 
ties and of BurmouDting the heights that are bard to 
climb. 

The ambition to succeed in whatever he undertakes 
is DOW stronger felt. As his bodily frame iucreases 
so do his mental forces. The discipline of life be- 
gins. The paths of life, on some of which his course 
must run, will now lie open before him ; they should 
not be, and seldom are, quite smooth. He must 
choose what he shall do. If his means of living are 
from day to day, he must seek for work such as he 
can find ; if in better circumstances, he must seek for 
such work as he is best fitted for. To all, to even 
the young millionaire, the duty of considering 
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«Vte ^ mf Ufe be?" 

V^Jtk a 

vka tkerac ■>>* — he as to agnate 

Eie » he wiska it to be. TW pfaiaro dL life mast 

tfaa lie ia the fnlfilBcat of its drties. TW Mere 

aaiail flrMnrm Uxreof Mart I* idceHaJ to the past 

hefaMleftbdiiaa. 

Hortflf osneeeedia wh^acbyfer. TheToath 
wbooolj seeks Kvb^i|»BeaB in thepkaeans <^ even 
iaaoeent apoct, who dd^tts ia Jinnting^ fai horses, in 
social jo^ to the a^lect i^ Ae duty of impcoving 
luB faind and of pnmding fcr the fatme, vk does 
so perfaoctonlv, gains oAea what he strives for ; bat 
be guns that only. He finds when too hie that De- 
lected duties cannot be reaamined at will, and that tbe 
openii^ to bis sdocgsb in life are dosed fixercr. He, 
on the other hand, who hopes fw h^^Huess in the 
folfilinent of his duties, and places [deasare eecoodarf 
thereto, looks to the fbtorc^ and willii^y gives np for 
tte take the passing jojs of the moment, which can 
tKilj be taken by sacrificing etHnetbii^ else that 
should be done. As in all other things, the force of 
habit aaaerts itself ; the sense of duty grows stronger 
and the temptation to forsake it grows weaker. 
Fleasnres of a better sort are found, and the hopes of 
the past become realized in the results of the early 
living present 
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THE YOUNG GIRL 

For the firet few years the young girl's life does 
not differ materially from tliat of tlie boy. The same 
desire for bodily exertion and for constant motion ; 
the Bame manifestation of the joy of living are 
shown in each. Aa the intellect opens, the inheiited 
memories from the parent whose physical conforma- 
tion she reproduces, manifest themselves. As her 
muscular strength is les:^ her sports and games are 
gentler, too. The instinctive love for dress and 
adornment replaces that of the boy for mimic war. 
Dolls give hor the delight that the drum and the toy 
gun give to her brotlier. The years advance more 
quickly with her. At thirteen or fourteen sheabandons 
the ruder plays she has shared with him ; the culture 
of her personal graces, which she had given lit- 
tle or no attention to, now absorb her time and 
thoughts. She is quick to learn and often ambitious 
to excel. Less apt to be drawn aside by outside dis- 
tractions, she would frequently outspeed her brother 
in his studies for the next few years, were it not that 
so much time is often taken to acquire aocomplish- 
ments that room is not left either in hours or in men- 
tal training for the sterner work that he has to do. 
Meanwhile her growth advances; in two or three 
years more her figure reaches its full height and its 
full development. Her mind and faculties likewise 
mature. In character she is more impressionable than 
34i 
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he, more emotional, and guided by' the affections, ancoo- 
sdoiis instioctB and feelings, rather than by a sense 
of justioe or cold cri^cal judgment. While the youth 
renuuDS Btill a boy, undeveloped yet for several years, 
io mind as well as in body, she becomes a perfect 
woman — lovely in form and feature ; admirable io 
her intuitive tmjitessions and opinions; clear in in- 
tellect; sympathetic, gentle and loving in her emotions 
and her ministrations. Such is what God intended a 
woman should be. Such ia what many a woman is. 

The occupations and duties of later life being dis- 
«milar in the two sexes, the evolution of their mental 
characteristics mnst vary likewise. Nature prompts 
each sexto consider admirable in the other that where- 
in it most differs from its own. Woman, knowing 
her physical weakness — her dependence for protection 
and support upon a stronger arm than her own ; per- 
haps guided by a dim memory inherited from ui an- 
cestry long past, when animal strength was all in 
all — looks for care and protection approvingly upon 
him whose manly form is the exponent of health and 
strength. When to these are added the proper bearing, 
indicative of the boldness and courage that a man 
should have, the outward requisites are given that a wo- 
man seeks. When still very young many women ask 
for nothing more, their imagination clothing the &- 
Tored one with ideal virtues and qualities never 
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possessed. If not counterbalanced in him by vices or 
cruelty, a love thus lightly won may often last through 
a long life ; domestic tics, the force of habit and in- 
terests in common, filling iip the gaps in defident 
character that a thorough acquaintance must reveal. 

With women of mature i^ or better minds the 
merely jdiysical and outward traits are not all suffi- 
cient ; they value most, often uncousciously, the menial 
characteristics that distinguish the man from that of 
her own sex. Not so much the cultivated intellect, 
the teamed, well-read and original thinker, as he 
whose manner is indicative of a reserve force, of the 
power to control others and to command himself. 
If she is a thorough woman, she gladly rec(^izes in 
him qualities that may be deficient in herself. She 
should honor and esteem before she b^ins to love. 

In the complex civilization in which we live many 
other motives influeuce her choice. Wealth and Posi- 
tion are forces in themselves that replace the natural 
ones that a simpler life would offer. The charm of 
novelty and the interest thereby excited in a new ac- 
quaintance, together with the inborn desire of pleas- 
ing and of successful rivalry, are often the determin- 
ing causes in love affairs that a more intimate knowl- 
edge would have dissuaded from. In such cases 
the prospect for mutual happiness at best can be but 
doubtful. 
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As with the womui, Ae muil^ aUribates aie tboae 
that are aUzactiTe to ber ; so maa is captivated bj the 
fanioiDe viitocB, aod often even by its defects. The 
veiy difiercDce between' tbeir characteis — that whidi 
pleaaes ber in bim — would repel, if not dt^ust, bim 
if visible in ber. Most women well know this, and 
of^ seek to please and captivate by mani^ting 
their ftminiDe helplessness and thtir want of noDtage 
and of strength. The gre&tar liberty that be pos- 
sesBes in seekii^ ho- whom be may prefer usually 
makes her d^iendent npoa the evidences of bis pref- 
Nenoebefere she can manifest ber own. As the altj- 
male disposal of beiself is in ber own hands, she 
does not &il to exert her art of pleasing, and at 
times leads him on by an apparent interest that be 
mistakes for real, until the avowal of his fediogs 
proves ber success. This is often met with little con- 
sideration for the disappointment caused. In the 
nature of the relation of the respective sexes this is 
not entirely avoidable, for she does not always know 
herself or her own feelings nntil his action calls for 
a decisioD. Too often, thougli, she is throughout 
perfectly sure that it is " Love's labor lost," and rather 
enjoys than regrets his ultimate disootnfiture. 

These actions, together with the thousand little 
evasions, deceptions and ialse pretences that cnstom, 
modesty and decorum almost unavoidably force upon 
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a woman's life, unfortunately, often tend to make 
many women less r^ardful of the inviolability of 
truth in little things and lesa conscious of its value. 
Though uDdeserving of the terms in whjch that 
apostle of Pessimism, " Schopenhauer," speaks, such 
behavior has influenced many minds to think and to 
judge disparagingly of her. * 

Schopenhauer led a very free, dissolute life; when 
twenty-six years old he quarrelled with his mother 
(an authoress of culture and ability) for no iault on 
her part. He even refused ever again to see her be- 
fore her death, twenty-four years later. He formed 
bis estimate of women only from those of low de- 
gree. I^e would not even grant to their sex per- 
sonal beauty-t 

There may be, perhaps, some little truth in what 
he says, hut the bitterness of his pessimism poisons 

* " Womea belieTe." h« ttiya, " Wir aind berachtigt die zu hiatarge- 
heQiWetche dudureb daa eie furuaB,diis lodiTiduum apSrlich sorgea, 
ein recht uber die Species eriangt lu hab«D vermeiDeD. . . . Die Ver- 
itellung iat ihr daher angeboren, desliallt auch bat ao selir dem duin- 
men wie dem klugen Weibe eigen. Darum ist ein gaai wahrhsftig 
unTflietellteB Weib Tielleicht unmoglicli. Eben deahalb durcbscbauen 
■ie fremde Vcreleilung to leicht, dsa ea aicht rathaam iat, ihnea geg- 
eniiber, es damit m venuohea. Am dem aurgestellten Omndlebler 
nod Beiaen Beigaben entspricht aber Falschlieit Trauldeiglieit, Ver- 
ratb, Undank. U. 8. W." 

t He calla them " Dw aiedrig gewachseae, achmal Bchalterige, brei- 
thuilige and Kurzbeinige Geachlecht, daa schdoe neODeo koonle Dur 
der vom GeschlechUtrieb umneblte maanlicbe Intellect; in diesem 
Triebe nimlich, Eteckt aeine ganie Bcboaheit." (Uber die Welber 
Sec. 3TV-383.) 
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all it toodies. Neither woman nor man is without 
bulls, in each sex peculiar to its own. We all bear 
around us more or less of the crysalis state of life 
from which we have in part emerged. The wisest 
and the best of us know it, and strive that in and 
from our lives there may be evolved higher and 
better ones, bearing less and less of the lower forms 
from which we have come. To value and to praise 
the beauty that graces the female nature, in its frame, 
in its moral aud in its mental attributes, b the duty 
as well as the happiness of man. It is only the 
morbid and diseased diathesis that finds fitult with 
the qualiUes — varied from tliose of man — that are 
given to her sex for the duties required, and which 
are so %'aried because they mtut be different from 
those of men. 
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CHAPTER XXVIII 

YOUTHFUL LOVE — ^MiBBIAQE — A UOTHER's LOVB 
— THE LE880N8 OF LIFE — THE DUTY OF LEABH- 
INO THE PSYCHICAL AND MORAL LAWS. 

" Vnd herrlich, id der Jugend PraDgen, 
Vie ein Gebild ana HimnielshahD, 
Mit zQchtigsD, Terscbamtea Waogen 
&ieht er die Jucgfluu vor sich Btehen. 
Eiroteod folgt er ihren Spuren 
Und iat von ihrem Gruss begluckt, 
Dtta Scbdnato aucht er auf den Flureiif 
Womit er ■aina Liebe scbmuckt. 
' O tarte Behnsucht, susses Hofibn I 
Der enten Liebe goldne Zeit I 
Das Auge aJaht den Himmel oBto, 
Eb schwelgt daa Hen in BellgkMt. 
, 0, dass sie ewig grunen bliebe 

DieschoDeZeilderJiuigenLiebel'' 

Of all the motives that influence our lives nnne are 
BO potent and widespread in their actioo as that 
caused by the difference of sex and the emotion that 
springs therelrom. Having its basis in the instincts 
Uiat we share with all other breathing creatures, it 
rises above them in proportion as our nature la a 
higher and a better one than theirs. Stronger in its 
impulaes in the young man than in the maiden, it is 
347 
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often tbe stimulus to ambitiou — the soaroe friHn 
whidi be bailds his Ih^ms for tbe fatare. It holds 
before him as tbe goal to readi, tbe prixe to strive for, 
tbe image that to him is graced witb tbe bean^ of an 
angel and tbe virtues of a saint. " To him tbere was 
but one beloved face on earth, and that was shining 
on bim." Very oflen this early love lai^isbes and 
dies without response and even without revealment; 
but if bis dream lasts Icmg enoogb, and tbe awaken- 
ing be not too rude, his whole life may bear its in- 
fluence for good. Otb«- and better placed affections 
may oome in later life; but the impress made by 
life's first emotion, often is never quite eflaced. 

Sir Henry Maudsley says : " If we were to go on to 
follow the development of tbe sexual instinct to its 
highest reach, we should not fail to discover a great 
range of operation ; for we might trace its inflneoce 
in the highest feelings of mankind, social, moral and 
religious. Witb the deprivation of sexual feeling 
goes the mental growtb and energy which it in^ires, 
directly, or indirectly. How much that is it would be 
hard to say ; but were man deprived of the instinct 
and of all that mentally springs from it, it is probable 
that most of the poetry, and perhaps all the moral 
feeling, would be cut out of his life." (The Physiol<^ 
of Mind, p. 372.) The subject matter of all romances, 
of nearly all the dramas of real lif^ as well as those 
34S 
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MARRIAGE 

of fiction, is this passion. It has been called an 
episode only in the life of man, but the very life 
itself of woman. Less demonstrative, because her 
role !s the more passive one — to be sought rather than 
to seek — it holds her under its reign with equal force, 
and she returns with equal happiness the love she 
has inspired. 

With the departure from the parental home the 
new phase of life begins. All through the past the 
maiden has had few duties to others than herself. 
Her days have been spent, though she scarcely knows 
it, much as other young animals spend theirs : in 
frolicking over the sunny meadows and green path- 
ways that lie before them, with little care for the 
moment, and thoughtless confidence In the future. 
She has now to think for and care for, another (ban 
herself. The attention and devotion that the lover 
gave unremittingly, b replaced by the calmer and 
milder afi^tion of the husband, who, returning to his 
dtuly duties and habits, now has other thoughts and 
finds other occupation also. With each of them, the 
rose-tinted aurora of love's early day, passes into the 
clearer but less poetic morning of every-day life. 
With the latter, come the vexations, the trials and the 
troubles that fall to the lot of all. Happy they who 
have not been moved to marriage only by mere out- 
ward charms or by wild gusts of passion, but by love 
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and affectiou founded on respest, esteem and that 
knowledge of eacli other that will leave but little to 
be discovered in the better knowledge that the new 
life will bring. Some disappointments must be looked 
for, Kone of us can be bo perfect that the balance of 
our temper, or of our disposition, does not preponder- 
ate to one side or to the other ; whichever way it may 
lean may be a defect. Sucb little failings are often 
more trying tlian those of greater moment. The 
cliaracter of each must be learned anew by tlie other. 
Most fortunate are they whose only feults are thus 
trivial ; but from such causes it is said the first year 
of marriage is often the least happy one' of all. The 
graver faults, if any, are more liable to be due to the 
man ; the lighter ones to the woman, who is more apt 
to be irritable and sometimes unreasonable. The 
change to her is a greater one, and trifling annoyances 
at times are hard to bear. He should ever remem- 
ber as Prior writes : " Be to her virtues very kind ; 
be to her faults a little blind." 

Among the many previsions manifested for the 
wel&re of man, none can conduce so much thereto as 
when two lives are happily joined as Man and "Wife. 
Although in this connection, as in all else dependent 
upon human action, the union formed may prove un- 
happy — may have been entered on with little thought 
or care for the duties due from and to each other, and 
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disappointment and tinhappiness be the logical result^ 
yet most oA«n, the love that mutually began in youth 
grows stronger with each passing year. 

In no other relation can be togetlier joined the in- 
telligent and cultivated mind, " that knows ua better 
than we know ourselves : " the Intuition that so 
often wisely counsels or dissuades ; the careful guar- 
dian of our home and all within it ; the gentle com- 
panion, whose love, sympathy and interest share in all 
the pleasures and the sorrows of our life. Our chil- 
dren's lives grow away from us. Ourpastandtheirfu- 
ture can have little in comnion ; our nearest friends, 
still less. But he who is blessed with such a wife 
should truly thank God for the greatest of all His 
gifU, for the very sunlight of his existence t 

When, with the flight of time, her children come 
upon the scene, the earnest cares of life come with 
them. It is now her part to feel for them that love 
that in her infancy had been lavished on her. Until 
now she scarcely felt and surely never valued fully, 
the parents' fears, the hopes, the nights and days of 
anxious watching, the deep affection that gives so 
much and asks so little. 

Our beginning, infancy, is identical with the un- 
conscious life of the lowest orders. Scarcely higher 
than the v^etative plane, it is dependent, absolutely 
for all but breath, upon a mother's care. All adult 
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uliiiuls find tbeir greatest faaj^ineaB in tboee days 
when their whole time and thought are given to Uie 
belplesB ones th^ love. The bird, baatenii^ to its 
oest with food tat its yoang ; the hen, boqr with ber 
little brood ; the patient mother, with her kitt«is 
sprawling over her as she lies — all attest the toider 
feeling that animates her who proteuts and loves the 
little cHMfl, and to whose care they have been givoL 
To her oomes also the greatest happiness this worid 
can give — the love of the young mother for ha diild ; 
noselGsb, untiring, delighting in the fulfilment of the 
duties now imposed, the inborn instincts inherited 
by her, in common with the mothers of most other 
creatures, r^oioes in the young life given, and for its 
defense and preservation would willingly venture ber 
own I 

It is for this reason that woman's nature differs 
from that of man. For her, the duty above all things 
else, is to defend and guard the helpless beings in her 
charge. For the mothers, in all the long line of an- 
cestral evolution tlirough which she came, have had 
this task. It was not their duty aud it is not hers 
to consider the ri^ts of others — to give to others 
that which is juE^ly due them. For her the outside 
world is as nothing when the welfare of ber young 
children is in question. The races of the world may 
pmsh rather than that one of her little onea should 
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be harmed. Her intuitive good senae, her affection 
and her kindness will often guide her rightly thnmgh 
life; her sense of justice never will; for in her it 
should scarcely have and seldom has an existence. 

Thus alike for man and woman the lessons of life 
are learned. The state of infancy and of immaturity 
continue much longer with man than with the lower 
animals, in proportion to their respective term of years, 
lu the lessons taught in the long in&ncy the teacher 
learns as well as teaches. The afifection, unselfishness 
and solicitude with which the child has been brought 
up, react upon the parent, and extend their guiding 
influence on his feelings and actions into a wider 
circle than that in which they originated, and form 
abstract ideas of the wise and good which in earlier 
days he did not have. In this way alone the parent 
is often rewarded. The streamofaffectionrunsdown- 
ward ! — the child too frequently taking as a matter of 
coarse, with little sense of gratitude, all that has been 
done for him for a score of years or more. Not unm 
he becomes a parent himself does he b^n to recc^- 
nize how much has been given him in days long past. 

Life offers many problems that are hard to solvei 
very many that cannot be solved. The best that we 
can do is to look upon the world, not as we think it 
might have been made, but as it really is ; to seek to 
know the laws that govern it ; to nnderstand how 
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they act, and why they act, and, when we obtain the 
koowledge thereof, to yield willing obedience to the 
power that cannot be controverted. In this regard 
&e moral and psychical laws are like the physical, 
though the former laws are not bo easily learned. In 
r^rd to the latter the child, before it can walk, 
learns that it must avoid certain acts and leave oav 
tain things untouched, or it will suffer pun in conse- 
quence. All men know that the laws of gravitation 
are no respecter of persons. No amount of pie^, 
innocence or virtue will save from destruction one 
who, carelessly approaching, falls from a precipice. 
The over-venturesome swimmer, when his strength 
gives out, will be drowned, whether he be a saint or a 
sinner. Even the zealous physician, who devotes 
himself to science, and for the benefit of it and of his 
fellow-men searches out the cause and the possible cure 
of a virulent disease, if not very, watchful, may &I1, 
and oflen does &11, a victim to deficient caution. Many 
dangers cannot be averted, but very many can. The 
laws that govern mental and moral acts are equally 
positive and equally inflexible. They are not so self- 
evident and self-asserting as those that are called tlie 
pliysical laws, but all who care can read them, and 
if wise obey them. The anpardonable sin is tliat 
^norance that cares not to know and will not leam. 
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CHAPTER XXIX 

ATAVISM Ain> CEIMB — OTTBB aBLFIBHKEBS— BEU- 
TALITY — PDNI8HMENT SHOULD BE DETBEBENT 
AND PBETENTITE, NOT BEVEKOEPCTL. 

It waa stated before that the question why Sin 
fihould exist in the world has been ever asked and is 
ever still unanswered. The churches, Catholic and 
Protestant, &il to answer, though each provides a 
remedy to avoid the punisliment thereof: the one re- 
pentance and the Church ; the oilier repentance and 
feith. Each leaves unanswered : '* Why was man 
permitted to sin ?" Modern science does not pretend 
to know much more than the churches, but believes 
it can throw some light Uiereou. 

The dogma that Sin existed on the earth before 
Death, and that the latter came in consequence thereof 
as its panishment, is not supported by liistoric truth. 
Death existed thousands of centuries before man ; it 
is clearly evident that it is as essential a part of 
the economy of nature as birth itself. Life oould not 
have existed as this world was and is without it The 
3SS 



DoiizccbvGoogle 



THE PATH OF EVQLUTtON 

certain ending within an allotted time of evei^ indi- 
vidual life, great or small, is as fully under the pre- 
vision of wise laws as the re|>laoemeut tliereof by 
the birth of a new, young aud vigorous life that is 
lent us for a little while ; then, too, returns whenoe it 
was sent. Death was intended to come and must 
come. Where the action of life's forces lias been 
perfect aud their operation unimpeded by accidental 
causes, the threescore years and ten for man, or the 
longer limit of fourscore years, should generally be 
passed. That it is not so, is frequently* due to our 
ignorance, our own faulty or the fault of those whose 
lives are our inheritance. 

The philosophy of evolution teaches that while the 
qualities inherited from their immediate ancestors are 
usually reproduced iu tlie offspring, Atcmxm, or a re- 
version to the characteristics of some ancestor in the 
far distant past, quite frequently appears. This re- 
version b not necessarily an injury ; it may reproduce 
the traits of a certain line of ancestors that were 
better in some respects, than those shown on the 
average by the more immediate progenitors ; but, on 
the other hand,an inferior type may appear. Thelatter 
is more frequently the case, for since boUi natural 
and sexual sele<^on have tended to advance the race, 
atavism would most probably lead back to conditions 
less favorable than those now existing. A less healtli- 
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ful body or brain, would be more likely than tiie 
Btronger and better one, to 1)6 the object of rever- 
sion. In this manner the liabita of mind of the sav- 
ages of early ^es at times reappear in their late de- 
scendants ; even the almost feral lives that once were 
led, come before us like Vampires * from their &r off 
graves. What are called monstrosities, are those un- 
fortunate creatures among animals in wliose antenatal 
growth some obstruction or malposition has sent into 
the world deficient in conformation, or joining in dis- 
torted structure two bodies partly into one. So also 
are bom persons whose brains and mental forces are 
more or less deformed, not in tlie manner that alt 



* Belief in the Vampire Superetition, though loog before ezieting, 
Rpresd in the earl; part of the ITth Century like an epidemic, from 
Moravia, Hungary and Polaod throughout all Northern Europe, 
where it still ezista. In Weet PruseJa and in Pomerania as late ai 
18T1 numeroua latreuiti oroee in consequence thereof. It is believed 
that the gboat rises nrom the graves where certain dead are buried, 
visits people in their sleep, especially those of its own &niil/, eucks 
their blood, so that, afler repeated visits, they sicken and die. Thosa 
who have been thus attacked and have died, become tbemselves Vam- 
pires and cause other deaths. On opening the grave of a Vampire 
the body, though long interred, appears like a fresh oorpse, ruddy 
and filled with blood. Ko exorcism or prieetly rites ere of avail. 
The nocturnal visits will continue until the corpse is disinterred, the 
head cut off and a. wooden stake driven through the body. Crema- 
tion is also effectual. (See Dissertations sur les ReveaaDta, par R. F. 
Dom Augustin Calmet. P. 7,1%, Paris, 1T46, also Mnjer'a Kon. 
Lei., ISdT.) 

The name applied to certain large bats which are thought to suck 
the blood of sleeping persons is borrowed from this gruesome super- 
stition. The word itself is of Servian origin. 
357 
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recognize as disesae or insani^, bot BtMJi as in wbtHU 
a tuorat distortion ocean. As the insane show th^ 
mental disease by their inabili^ to reason rightly, so 
these latter nhovr their moral disease in thar inca- 
pacity to act rightly. Such traits are often the direct 
inheritance from their parents; often, thoogh, Ihey 
come from &r off ancestors, and appear, as it were, 
sporadically in one member of a family only, in vhidi 
neither parents nor the other children manifest such . 
fanlts. The form in whi<ji it oftenest appears is the 
partial or total absence of the sense of Duty ; of that 
feeling of obligation that impels its possessor to a 
given action or nile of conduct because he otyht to 
do 80, not merely for the sake of giun, from the de- 
sire for pleasure, or to please <rilier8. This feeling of 
duty can be made stronger or kept alive by practice, 
or it may be allowed to die out by neglect With 
some persons it seems never to have existed, nor can 
it be made to grow anew. It is nearly identical with 
what is known as conscience. To those bom with it, 
to have done wrong is to suffer painfully. To 
those who have it not, it is only chance or oppor- 
tunity that makes them or keeps them from being 
criminals. 

Another inheritance from atavism is that condition 

which expresses itself as over-selfishness. In the 

stages of man's early life, self-preservation and the 
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care of his own was his first duty. Aa civilization 
advanced, the need of considering the wants and rights 
of those near and around him was forced upon him : 
he learned also that it was wise to take thought for 
the morrow, to lay up provision for the future, and to 
deny himself an immediate pleasure for the sake of 
avoiding a future jll. Thus he learned self-restraint 
in his conduct to others, thoughtfulness for others, 
and finaliy the wish and the power to control himself 
in the present and in the immediate future, in the 
hope of a greater good in a far off time to come. 
This mode of thought and action is still selfishness, 
but it is an enlightened selfishness that, although act- 
ing for itself, considers and takes care of the interest 
of others. Joined with the sense of duty before 
named, they form together the mainsprings to a pro- 
per life. 

The victim of atavism without the feeling of die 
obligation of duty, has only the primitive selfishness 
of the savt^e life. Too indolent to work honestly, 
he supplies himself with what he needs by appropri- 
ating, as his far off ancestors did — by cunoing or by 
open violence — the goods of others. If well placed in 
life, he contrives means of helping himself by secret 
participation in illegal contracts, by misappropriating 
funds, by buying up and selling out railntads to their 
ruin, or the thousand and one ways in which unscrupu- 
359 
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lous men eorich themselves to the detrimeut of others. 
The more lowly scoundrel carries his selfishness still 
farther. For the present pleasure or the momeot's 
gain he throws away Uie morrow's future. He will 
not or cannot work, but will lie, cheat, steal, or even 
murder, for a pittance that a week's honest work would 
have sapplied. His selfishness is even greater to him- 
self than to all others, unless it be to some unhappy 
woman that he may have iu his power, whom be ill- 
treats and may finally murder. Drink, which reveals 
his worst but his true character, really maddens him. 

At times reappear the traits of a lower life even 
than a human life — that of a savage beast ; like the 
wolf, he delights in blood ; even in childhood he slays 
his playmates to enjoy thetr sufferings and his own 
excitement. Yet this is not insanity ; it is only the 
extreme type of a reversion to the brutal instincts, 
that are like the malformed, brute-like features 
sometimes bom ; he is a moral monstrosity, as the 
other is a phyaunU one. Happily for the race of man 
this form of atavism is of rare occurrence. 

The character formed by heredity can usually be 
made better or be made worse by its possessor, as 
he may choose. Ambition to excel may guide him 
one way, or the love of Pleasure lead the other. 
The ways of life are not intended to be always 
smooth and pleasaitt. The rougher the path, the 
360 
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more obstacles to overcome or to be avoided; so 
much the greater is the Deed of continued eSbtt to ad- 
vance ; so much the greater must lje the stimulus to 
call forth the strength and the abilities of the way- 
iarer. Experience lias shown that where exertion is 
not compulsory little effort will he made. In the 
South Sea Islands, where the climate is a perpetual 
summer, where clothes are worn for ornament only, 
not for warmth, where the bread-fruit tree grows 
wild, and nature provides all other food needed fw 
sustenance and pleasure without effort to him who 
wants it, the natives si)end their days in a half-dreamy 
state of indolence — dance, swim and play their lives 
away like children, diversified only hy fighting with 
the neighboring tribes like themselves. Often they 
have acquired cannibalism, not from a scarcity of 
other animal food norasa religiouscustom, but simply 
from tlieir delight \\\ such delicious dainties. Hav- 
ing had no incentive to exert themselves, they have 
never done so, and have therefore remained without 
improvement — savages in an earthly paradise. 

The stimulus to labor or to advance affects bat 
lightly those who in our midst inherit undue selfish- 
ness, or those who being bom to better Aings have 
drifted into vicious habits : many of them acting 
upon the maxim, " Let him get who has the might, 
and let him keep who can," need the repressing hand 
361 
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of (he law to protect others from their greed aod to 
punish those who have offended. Under the opera- 
tioD of Nature's laws pUDishment comes, not vindic- 
tively, bnt as the necessary consequeace and direct 
result of the infraction of laws intended for the good 
of all ; the punishment usually follows irrespective of 
the motive of the law-breaker. Plague, pestilence 
and famine came, and still come, because cleanliness 
and the laws of hygiene have heen neglected, not as 
the vengeance of a higher power. Such direct con- 
sequences, if possible, should follow the institution 
and operation of human laws, not "An eye for an 
eye and a tooth for a tooth" in angry retribution, but 
as the inevitable result of the violation of laws that 
must be kept for the good of all. Man's punish- 
ment for crime should have but two motives : deter- 
rence of others from crime by the fear of punishment : 
and the prevention of its recurrence by the same per- 
son, for a time or forever, by imprisonment or by 
death. The deterrence of crime depends very much 
upon the certainty and the rapidity of punishment 
after the deed, both of which in this land are woefully 
deficient, sympathy for the criminal, sentimental folly 
and delay too often intervening. Le^l panishment 
is considered by many people too much as an act of 
vengeance; sach it should never be, but, like the 
punishment that nature brings, it should be snrely, 
relentlessly and swiftly administered. 
, 36« 
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CHAFrER XXX 

FEAB FOB THE PUTDHE — THE DBEAD OP DEATH 
— EETKOSPECT OF LIFE — THE GOSPEL OP EVO- 
LUTION — THE QUESTION OF A FUTURE LIFE. 

"So live that, when tbj Bummons comes to join 
The iiiDumerable earavBn that moyaa 
To that mjBterioui realm where each ehall take 
His chamber in the eileat halU of death. 
Thou go Dot, like the quarry slave at night. 
Scourged to hia dungeon, but, sustained and Bootbed 
By an unfaltering trust, approach thy grave 
Like one who wraps the drapery of bis couch 
About him, and lies down to pleasant dreams." ■ 

Our progress through life is marked with many 
plesBures, but also with many sorrows. Pain or 
suSeriog are more positive in their impressions on 
us, so much more keenly felt than anything we call 
happiness, that the remembrance of the former and 
the tear of its recurrence, oi^n blots out all hope for 
the latter. The sorrows caused by anxiety in our 
business affairs, the fear for the health of those we 
love, and, above all, the dread of losing them by 
■Thanatopais— W. C. Biyant 
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death, throw dark shadows over alt but our youthful 
years. Of these sorrows maiiy arise from tlie anticn- 
patioD of trouble in advance, but which trouble may 
never come. Yet this auxiety or fear for the future 
is Uie needed guide through life — the replacement of 
instinct by reason. Our advance in intelligence often 
brings to us griefs that in their ignorance our remote 
uioestors never felt ; our reason, like Cassandra, proph- 
esying evils, it is impotent to prevent. 

So far as the dread of death affects us, excepting 
in those on the threshold only of adult life, it is the 
fear of losing those we love, rather than fear for 
ourselves. To the young man or maiden only now 
grown up, rejoicing in health and strength, it is often 
a horror to tliink even of their own death. They 
cannot realize its possibility. To those later in life 
its constant recurrence familiarizes the thought, and 
it is calmly considered as the indefinite yet the inevit- 
able, but even in sickness with little fear, and often 
looked forward to as a release from sorrow and a 
welcomed rest. The sudden approaoli, or the threat 
of a violent death, calls forth, of course, instinctive 
efforts to avoid it, but in otlier cases its coming is 
usually borne with resignation and with fortitude. 
But the overpowering sorrow that Death ever brings 
is that of losing forever from our lives those we love; 
it thrills us with dread. No grief can equal this; all 
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other ills are then but trivial. When the parting 
comes, the emptiness of life, the aching void, the 
altsence of tlie one that is gone, nearly breaks the 
heart. The closer the tie that bound our lives together, 
the deeper the sorrow in their severance; very many 
have prayed then for their own death — many have 
Bought for and found it. When the dying one has 
suffered much, death is often welcomed as a release 
both to the dying and to the living. -The one to be 
at rest; the others to know that his sufferings are 
ended. On the eve of a long separation, the one who 
suffers most is he who stays in the deserted home; 
the departing one leaves for new thoughts and scenes 
iu the life beyond ; so should we try to think of those 
who cross before us, to the unknown shore. 

The Evolution of knowledge within the last hun- 
dred years has not only <lone much to mitigate suf- 
fering to the living, but has saved from death and 
returned to a continued long and happy life hun- 
dreds of thousands of thofie who in the olden days 
must have died inevitably. Vaccination, discovered 
and introduced by Dr. Jenner, has nearly extirpated 
one of the most frequent, frightful and fatal diseases 
that ever afflicted man. The germicidal treatment 
introduced by Sir Joseph Lister in Surgery has kept 
a countless number from an early grave. Antesthetirfi 
have taken away pain and the fear of pain from the 
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n's knife, aud relieved woman of the su^iv 
ing that, according to the Hebrew myth, God put 
upon her as a punishment. Death in iteetf is not an 
evil, iutruding needleeely into the world ; it is only 
its premature and avoidable oocurrence that is so. 
It is the provision that renders possible the entrance 
of each young, fresh life. In the course of Nature, 
the young should live to grow old ; but we know that 
in this life, Death not only vM come, but it tRU«< come. 
The progress of humanity, the maintenance of the 
highest type of the living, is dependent upon the 
ofi&pring slowly but surely improving beyond the 
parent ; not in a few rare and individual instances 
from time to time, but iu the general advancement of 
all. This cannot be, excepting by the race of man 
being kept ever in full vigor by the displacement of 
the old lives by those young, and, we trusl^ better 
ones, bora of us. 

We, who in the sunset of life look back from the 
summit of old age to the banning of the road 
we travded on ia youth — that road that seemed 
so endless then, but that now seems so short — we can 
see that many of the obstacles we stumbled over, 
have been stepping-stones in our path to a better life. 
"We can see the errors we have made, and the physical 
and moral dangers we were saved from, often by no 
saving virtue of our own. Our failures even have 
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led to ultimate eaocess. Above all, we can see that 
if we had only known what we taigli have known 
how much sorrow would have been spared to others 
as well as to ourselves. 

We can now fully recognize the change for the 
better in man's welfere since we were yoang men, 
many years ago. Without considering the changes 
that have made alike the poor and the rich more com- 
fortable, the greater benefits to all men are beyond 
all number. As the eud of tlie seventeenth Century 
closed the delusion of the belief in demoniac influence 
and in witchcraft, and stopped the torture and the 
frightful death of its helpless and innocent victims, 
so this closing century witnesses the lessening and dis- 
appearance of otlier errors. In most of our Colleges 
are now taught, approvingly, the truths that half a 
century ago would have insured dismissal, and that 
three centuries ago would have brought the teacher 
to the stake. The old belief in idealism and a-priori 
reasoning has well-nigh died out, and most of the 
learned men of all the world turn from mere meta- 
physical reveries, or from the dogma of an angry 
and vindictive Judge, to the study of the works of the 
living Qfld, and to tlie manifestations of His power 
in the guidance of the human intellect and in the 
execution of His will. 

The study of the course of Nature has shown con- 
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clusively Uiat this life is the process of evolution, 
irom a lower, imperfect conctitioD of existence to a 
higher and a better one. The study of the history 
of the past ages proves the same truth. The knowl- 
edge of to-day is not the repetition of tlie vague and 
uncertain tlieories of days long past — of tlie men who 
thought themselves the sole custodians of truth, and 
who gave to tlie dungeon or to death all who dared 
to differ with them. 

We now know that the truth in all things can be 
learned only so far as our minds are capable of un- 
derstanding the facts and phenomena presented. We 
know that our faculties are limited ; the ultimate 
nature of all things is beyond our comprehension. 
Science teaches Man humility by showing him his 
place in nature. Though he may think himself in 
"Apprehension how like a God," in reality he is only 
the " Paragon of animals." Neither to the individual 
man nor to any assembly of men is it given to speak 
with absolute authority — to be infallible. What in 
the limited extent of human knowledge is to-day con- 
sidered established, may to-morrow, by better knowl- 
edge, be overthrown. The truth, as known to Science, 
is always open to correction. 

The Philosophy of to-day, the outgrowth of Scien- 
tific knowledge, rests, as we have endeavored to show, 
upon the sufficiency of the evidence produced. To 
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most thoughtful men of Scientific trainiDg the testi- 
mony that Nature ofiFers is convincing. There is one 
ever-acting, all -sustaining, wise, intelligent power, in 
u-hom we live and move and have our being. Nature 
as an Entity has Qo existence. Nature is merely the 
personification of the past and present act£ of the 
ultimate power and volition that governs all. To 
think of Nature as apart from, and not a part of, the 
First Cause — God — is to believe {in the words of the 
Athanasian creed) that " there is not one Incompre- 
hensible, but two Incomprehensibles." All that we 
know of God, or tliat we can possibly know in this 
life, is to be learned by the observation of His works, 
including therein the life, history and intelligence of 
man as a part thereof In stating that the power 
which governs the universe is not apart from nor 
outside of nature, but in nature, no essential predica- 
tion of tlie attributes of God is involved or intended. 
The metaphysician, in denning the Absolute, pro- 
jected only his own ideas therein. Spinoza reduced 
all existence to Substance ; made God, the Absolute 
Being, the thinking and extended Substance ; nomi- 
nally of infinite attributes, but by Spinoza's negations 
leaving only a vague idea of eternal intelligent in- 
active existence. Science avoids this error. It is folly 
and presumption in us to try to comprehend the abstract 
nature of the existence of God apart from his manifes- 
34 369 
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tation in his works. To study tbe operation of bis lawB 
-governing tbe pbysical, mental and moral life on this 
earth, and when we know the laws to obey them, is 
our duty and is the extent of our capacity. To live 
rightly in the life given us, and' then to trust our 
near and our ultimate future to tbe disposal of Him 
who gives all life ; should be not only our philosophy, 
but may well be also our religion. As Edwin Arnold 
wrote, quoting the words of the young Hindoo 
Mother — 

" But for me 
What good 1 see tiumbly I seek to do. 
And live obedient lo the lavr, in trust 
That what will come, nod must come, shall oome well." 

To many men and to most women a pbiloeopby 
wbicb satisfies wise and thoughtful men is not enough. 
They ask for something that appeals more to the emo- 
tions; that is more capable of outward demonstration 
and ceremonial observance ; in other words, that is 
anthropomorphic. Early associations, early education 
and the force of habit make pleasing and desirable to 
many minds beliefe and customs that Science does 
not consider witbin its province. But whatever more 
may be wished for, and believed in, can only «uppfe- 
•ment the great truth which Science teaches ; the ^rly 
lesson that all should learn. 
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"Let ua hear the cooolusioa of the whole matter. 
Fear God and keep hia commaDdments, for Uue U tiie 
whole duty of man. For God Bball bring every work 
into judgment with every secret thing, whether it be 
good or whether it be evil." 

" Then shall the dust return to the earth as it was, 
and the spirit shall return unto God who gave it." 

Thus nearly 2,600 years ago, Eoheleth ended his 
mournful wail over the vanity and the emptiness of 
life. The knowledge of the present day can give a 
purpose and a meaning to that life in which he found 
none. The duty in life and the end of life are the 
same to us now as it was then; not all enjoyment and 
not sorrow, but to make our life and all lives wiser 
and better. 

Science makes no pretenoe to raise the veil beyond 
the grave. Few analogies that this world has shown 
are applicable to that " country from whose bourn no 
traveler returns ; " but Science knows uo reason that 
if our lives were rightful when we lived, why they 
may not be renewed in a life to come. The answer 
is not /or tw, but /or God to give; whetlier for each 
one or for all. We may rest assured in the belief tliat 
if it will be for our good, if it will be beUer so, tlie life 
hereafter will be given. That which is best to do 
will be done. Our individual personality would de- 
pend upon the preservation of memory. If every trait 
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of OUT preseut Uvea were reproduced, but witli forget- 
fulnesB of the past^ our identity would be gone ; it 
would not be ouredves. We miglit repeat a life such 
as we had lived before, without knowledge of it, and 
without knowiug tboae we had loved and lost. But 
aa our own actions mainly make our lives, the memory 
thereof, if retained, could then make for us an actual 
Heaven or a living Hell. In this life the brain 
bears record in its imprints of our thoughts and voli- 
Uons. Conscious or unconscious cerebration will re- 
produce in memory mucli of that which is long past 
and gone. Our poor relations, the birds and beasts, 
transmit to their offspring those imprints that lead to 
acts which we call instincts; tbey are inherited mem- 
ories. A new life hereafter, reproducing in another 
and a higher brain the duplicate records of an earlier 
bnun, would be a resurrection of the life that is gone. 
Of course, no iusaiion is intended to be made ; the 
conjecture only that it might be so, su^ests that if 
God so wills, a futui-e life would be a miracle, no 
greater than the life we live. 

The teaching of early Christianity, of St. Paul, 
many of the patristic and other writers, was not the 
survivat of the soul after tlie death of the body, but 
the resurredum of the body and the soul— the giv- 
ing otanoiher life to the body and the reborn souL 

The Gospel learned from the doctrine of Evolution 
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is that the rMueg, as well as (he ma of the &ther,are 
often transmitted to the children long beyond the 
third and fourth geueration. It further teaches that 
the trials and troubles of life are not needlessly given, 
but that they are the prompting causes and incentives 
that lead to a higher existence. We may reasonably 
believe that the same endeavor on our part to make 
the Qood, while in this lite, still &dfer, may fit us, if 
it shall be in the providence of God, for a future life 
in a better world to come. 

The physical conditions of another life might be 
very different from those now on Earth. Here, 
Death and Life walk hand in hand. We areanimals 
horn to die. This world in time may also die, or be 
unfit for all Life as we now only know it ; hut there 
are countless millions of other worlds. On many of 
them, although there may be those who live as we 
live and die as we die, yet it is also true that with 
them a time may come when their Sun's light and 
heat shall fade, and that of all other Sun's — the stars 
^-die, too. 

The form of energy on which oi^anio life here de- 
pends — the disruption of Carbon Dioxide and its re- 
formation — would be impossible then ; but that Intel- 
ligence that never dies might find expression in con- 
ditiona that we can conceive not of. " In my Father's 
house are many mansions." Here we live as bat for 
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a day, tbea pass away \ aud with our life pass away 
our weaknesses, our follies and our crimes. We and 
t^cy — goofi forever I But if while living there is that 
within US that is worth enduring, may it not be found 
worthy of a non-perishable life, wherein the errors 
and the follies would not enter? For in tliat life 
only tlioue would live who had been proved — who 
were fitted for an existence in which there could be no 
corrections, no removals by death— ^ reunion with 
those they have loved ; an Evolution even then con- 
tinued to still wider knowledge, and eternal life. 
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